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PREFACE 


Estimates of erosion and sediment yield In the rangeland areas of the western 
United States are difficult to make because of limited data. Furthermore, much 
of the erosion technology used in the western rangelands is based upon research 
completed in the cultivated agricultural areas of midwestern and eastern areas 
of the country where the vegetation and soils are quite different from that of 
western rangelands. Increased emphasis on water quality considerations, an 
emphasis to Improve the use of and production of rangelands, and the expanding 
populations and their demands for multiple uses on the public lands in the 
western United States have accelerated the need for erosion information in such 
areas. 

Much of the recent literature on erosion estimates in rangelands results from 
rainfall simulator equipment. A Rainfall Simulator Workshop held in Tucson, 
Arizona In March 1979 resulted in the publication of a proceedings (USDA, Sci- 
ence and Education Administration, Agricultural, Reviews and Manuals, ARM-W-10/ 
July 1979) which described many simulators and nozzle designs for reproducing 
the kinetic energy of natural storms. However, this workshop did not discuss 
such things as recommended plot sizes and selection of appropriate parameter 
values for the Universal Soil Loss Equation. 

As a result of discussions between G. R. Foster and K. G. Renard, a proposal 
for the convening of another workshop was prepared in the summer of 1980. An 
organizing committee of K. G. Renard, chairman, W. C. Moldenhauer, Lafayette, 
IN, and L, D. Meyer, Oxford, MS, was appointed to arrange the March 1981 Range- 
land Erosion workshop. 

The committee thanks D. A. Farrell, of the ARS National Program Staff, Belts- 
ville, MD for his encouragement, suggestions, and support in organizing and 
conducting the workshop. However, credit for the success of the workshop 
belongs to the participants who gave oral presentations, participated in tlie 
discussions during the workshop, and finally prepared written comments. The 
committee sincerely appreciates the interest, enthusiasm, and discussions by 
those who attended. 


Kenneth G. Renard, Chairman 
Tucson, Arizona 
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SOIL EROSION RESEARCH LEADING TO 
DEVELOPMENT OF THE UNIVERSAL SOIL LOSS EQUATION 

L. D. Meyer, SEA-AR agricultural engineer^'^ 


INTRODUCTION 

Suppose this was 50 years ago and you had to estimate the soil erosion 
from an area of land or compare the erosion on it for several different land 
uses. Where would you start? You would have no relationships for computing 
the erosion and very little data upon which to base your estimations. How 
would you proceed? 

This dilemma faced soil conservationists less than a half century ago, 
yet today we can readily make accurate estimates for many conditions. 
Erosion prediction has come a long way in less than 50 years, yet there are 
still many opportunities to make improvements. To understand where we are, 
a review of the history that led to development of the Universal Soil Loss 
Equation (USLE) in the form that it is used today is appropriate. Several 
publications (Browning, 1977; Harper, 1958; Nelson, 1958; Nichols and Smith, 
1957; Smith, 1941; Smith and Wischmeier, 1960; 1962; Stewart, et al., 1976; 
Williams, 1958; Wischmeier and Smith, 1965; 1978; Wischmeier et al., 1958; 
Zingg, 1940) were particularly helpful in assembling information on the 
history of soil erosion research in the United States. 

EARLY EROSION RESEARCH 

A German scientist, Ewald Wollny (1888) has been called the "pioneer of 
soil and water conservation research" (Baver, 1938). In the last quarter of 
the 19th century, he made extensive investigations of the physical 
properties of soil that affect runoff and erosion. He studied the effect of 
various factors, including steepness of slope, plant cover, soil type, and 
direction of exposure, on runoff and erosion from small plots under natural 
rainfall. He also studied factors affecting percolation, transpiration, and 
evaporation from soils, and he investigated effects of compaction on the 
physical properties of soil. However, Wollny 's discoveries were apparently 
overlooked by American researchers until the mid-1930's (Nelson, 1958). 

The earliest quantitative erosion research measurements made in the 
United States were begun in 1912 on overgrazed rangelands in central Utah by 
A. W. Sampson assisted by L. H. Weyl, E. V. Storm, and C. L. Forsling 


V/ USDA Sedimentation Laboratory, Science and Education 
Administration, Agricultural Research, U.S. Department of Agriculture, 
Oxford, MS 38655. 
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(Sampson and Weyl, 1919; Stewart and Forsling, 1931). This work was 
conducted on two 10-acre plots in the Manti National Park, where a nojiiber of 
factors influencing erosion were studied. Other early work on rangelands 
(Chapline, 1929) showed how overgrazing allowed erosion to reduce the soil^s 
water-retaining ability and fertility. 

Erosion plot research as we know it today was started in 1917 at the 
Missouri Agricultural Experiment Station by Dean M. F. Miller and his 
associates (Duley and Miller, 1923; Miller, 1929; Hiller and Krusekopf, 
1932). Dean Miller's early plots were 90.75 feet long by 6.0 feet wide 
(1/80 acre). They are now a national historical monuinent on the University 
of Mi ssouri-Columbia campus. Other researchers followed Miller's lead, 
using many of the techniques developed by him and his early assistants. 

During the 1920' s, H. H. Bennett, a soil surveyor in the USDA Bureau of 
Soils, became increasingly concerned that soil erosion was a national menace 
to our soil resources (Bennett and Chapline, 1928)*, Bennett undoubtedly 
had more influence on soil conservation efforts in the United States than 
any other person and very aptly deserves recognition as the father of soil 
conservation in our country. His evangelistic zeal for the need of erosion 
control and enthusiasm to start needed research led to Congressional 
appropriations for soil erosion investigations in 1929- With L. A, Jones, 
Bennett supervised the establishment of 10 experiment stations at Guthrie, 
Oklahoma; Temple, Texas; Hays, Kansas; Tyler, Texas; Bethany, Missouri; 
Statesville, North Carolina; Pullman, Washington; Clarinda, Iowa; LaCrosse, 
Wisconsin; and Zanesville, Ohio. The techniques that Miller and his 
associates had developed for evaluating runoff and erosion were followed at 
these research stations. Most plots were 72.6 feet long by 6,0 feet wide 
(0,01 acre). The data and findings were published during the 1930 's and 
AO’s in progress reports from these stations. Other field experiments and 
more field locations were added in the 1940' s and 50' s to investigate a 
wider range of conditions (Smith and Wischmeier, 1962). 

Beiuiett served as chief of the Soil Conservation Service during much of 
the 1930 's and apparently was one of the most popular speakers and prolific 
writers of that time. He was widely respected as indicated by the 
Albuquerque Journal on August 28, 1937: 

"Bennett pays no attention to the politics of farm relief. 

His religion is the saving of soils — that means he knows no 
south or north, no radical or reactionary. Farmers have 
confidence in him--he delivers the goods," 

During the 1930 's and early AO's, research on the more fundamental 
aspects of soil erosion processes was begun by H. E. Middleton (1930), J. F, 
Lutz (1934), R. E. Horton (1933), G, W. Musgrave (1935), L. D. Baver (1937), 
J. H, Neal (1938), J. 0. Laws (1940), W, D. Ellison (1947), and others. 
These pre-World War II years were "relatively golden years for soil 
conservation research," because, as discussed by Nelson (1958), the problem 


*(Part 2 of this publication, authored by W, R. Chapline, is entitled "Soil 
Erosion on Western Grazing Land") 
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had been recognized, research procedures had been established, a spirit of 
pioneering and enthusiasm was lound among the researchers, fundamental 
research was encouraged, the need for results was recognized nationally, and 
adequate funds were available for staffing and facilities. Yet, research 
techniques were relatively crude in many respects. Runoff and erosion for 
each entire storm were usually caught in large tanks for measurement, often 
with no indication of time-rate information. A common experimental design 
was followed, but treatments were seldom randomized or replicated. 
Conditions studied were very limited and plot conditions were often quite 
different than natural farming conditions. Nevertheless, a large quantity 
of data was obtained, although the usefulness of any part of it beyond the 
local situation was quite limited. In Bennett’s (1939) classic book "Soil 
Conservation", considerable data are presented, but there are no 
mathematical relationships concerning the effects of different factors on 
erosion nor is there any discussion of erosion prediction techniques. 

EARLY EROSION EQUATIONS 

The basis for mathematical relationships to describe soil erosion 
probably began with efforts such as those by H. L. Cook (1936) to identify 
the major variables involved. He listed three major factors: (1) the 
susceptibility of soil to erosion (soil erodibility) including the need for 
tests to evaluate an erodibility index, (2) the potential erosivity of 
rainfall and runoff including the influence of degree of slope and slope 
length, and (3) the protectiviLy afforded by vegetal cover. He described in 
much detail the subfactors affecting each of these major factors. 

The use of equations to calculate field soil loss began when A. W. 
Zingg (1940) published the results of his comprehensive study on the effect 
of degree of slope (S) and slope length (L) on soil loss. Using data from 
other researchers and his own experiments, he recommended the relationship, 

X = , where C is a constant of variation and X is the total soil 

loss; or A = where A is the average soil loss per unit of area. 
(Note: In early erosion equations, L and S were used as slope length and 
slope steepness; later, they were used as factors that were different than, 
but functions of, slope length and slope steepness. In general, the 
terminology and symbols in this paper are those used by the researchers, so 
they may differ from current usage.) 

The following year, D. D. Smith (I94l) added crop (C) and supporting 

practice (P) factors to the equation as: A = C P, and he used 
this to develop a graphical method for selecting the necessary conservation 
practices on Shelby and associated soils in the Midwest. The C-factor 
included the effects of weather and soil as well as cropping system. Smith 
also introduced the concept of a specific annual soil loss limit for 
Midwestern soils. 

Several important publications that appeared during the late 1940 ’s 
were probably delayed by World War II, Browning and his associates (1947) 
evaluated the Smith (1941) equation for Iowa soils and introduced more 
extensive tables of relative factor values for different soils, rotations, 
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and slope lengths. This approach emphasized the evaluation of slope-length 
limits for different cropping systems on specific soils and slope 
steepnesses with and without contouring^ terracing, or strip cropping. 

The Milwaukee, Wisconsin regional office of the Soil Conservation 
Service recognized the value of a soil loss estimating equation for farm 
planning and teamed with the research workers in that region to develop a 
system for regional application. The result was the slope-practice method 
of estimating soil loss for use throughout the Cornbelt described by Smith 
(1958). The '^Slope-Practice Equation*’ was so successful that a review was 
requested by J. C. Dykes, SCS Chief of Operations, in 1946. This was 
followed by a workshop in Cincinnati, Ohio under the leadership of G. W. 
Musgrave (1947) to broaden the applicability of the Cornbelt equation. This 
group reviewed soil Loss data from throughout the United States, reappraised 
the factors previously used, and added a rainfall factor. The so-called 
Musgrave Equation resulted, and it included factors for rainfall, flow 
characteristics of surface runoff as affected by slope steepness and slope 
length, soil characteristics, and vegetal cover effects. Erosion was 
evaluated in inches lost per year. The 1.75 power of the 2-year, 30-minute 
rainfall was adopted as the rainfall factor, and the slope length and 
steepness exponents were lowered from 0.6 and 1.4 of Zingg (1940) to 0.35 
and 1.35, respectively. Annual cover factors were estimated relative to a 
value of 100 for either continuous fallow or continuous rowcrop. A soil 
factor was derived by adjusting measured annual soil losses at the 
experimental locations for differences in rainfall, slope, and cover. 
Quantitative values for the factors in this equation were quite limited, 
particularly for the different cropping covers. Apparently, most details on 
the Musgrave equation, its use, and appropriate factor values were in agency 
handbooks and mimeographed tables that were not published. 

Subsequent research did not confirm the adequacy of the 2-year, 
30-minute rainfall as an index of local differences in rainfall erosivity. 
The reduced slope-length factor was compatible with some early sets of data 
but was too low for others. Numerous plot studies showed that continuous 
fallow and continuous row crop are not interchangeable and that the cover 
effect of continuous row crops is highly variable. However, the Musgrave 
Equation was widely used until recent years, primarily because its highly 
eneralized factor values were more easily assigned than were factors based 
^n more specific conditions. Its widest use has been for estimating gross 
erosion from large heterogeneous watersheds and for flood abatement 
programs , 

Smith and Whitt (1947) presented a method for estimating soil losses 

4/3 

from fields of claypan soils. They suggested the equation, A oc a + bS , 
where a and b were constants, to describe the influence of percentage slope 

S), and A oc to describe the effect of slope length (L) for these 

loils. Soil loss ratios at different slopes were given for contour farming, 
itrip cropping, and terracing, and recommended slope length limits were 
iresented for contour farming. Relative erosion rates for a wide range of 
rop rotations were also given. 
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The following year, Smith and Whitt (1948) presented a ’'rational” 
erosion estimating equation: 

A = CxSxLxKxP 

for the principal soils of Missouri^ The C-factor was the average annual 
soil loss from claypan soils for a specific rotation on a 3% slope, 90 feet 
long, and farmed up and down slope. The other factors for slope (S) , length 
(L) , soil group (K) , and supporting practice (P) were dimensionless 
multipliers to adjust the value of C to other conditions. P-factor values 
were discussed in much detail. The need for adding a rainfall factor to 
satisfactorily apply this equation over several states was acknowledged. 
The work reported in these two Smith and Whitt publications was actually 
accomplished prior to the 1946 workshop that resulted in the Musgrave 
Equation, 

Musgrave (1949) discussed the importance of designing agronomic 
practices to meet specific erosion hazards. He showed how the erosive 
hazard of rainfall changes through the year at different locations in the 
United States, and he stressed the need to use cropping practices that 
provide soil cover during periods of serious erosion hazards. 

Lloyd and Eley (1952) prepared graphs to solve the Musgrave (1947) 
equation for use "on the spot for a specific set of conditions,” They 
tabulated values for major conditions found in the northeastern states. 
They stressed the need for practical methods of applying research findings 
to field conditions to help farmers and technicians understand the true 
value of conservation measures. 

In the early 1950' s, Van Doren and Bartelli (1956) proposed an erosion 
equation : 

A = f(T,S,L,P,K,I,E,R,M), where 

A = annual estimated soil loss 
T = measured soil loss 
S = steepness of slope 
L = length of slope 
P =: practice effectiveness 
K = soil erodibility 

I = intensity and frequency of 30-minute rainfall 
E = previous erosion 
R = rotation effectiveness 
M = management 

The key value for T was 3.5 tons per acre from Flanagan silt loam on 2% 
slope of 180-ft, length cropped continuously to corn. Estimates for other 

conditions were made using ^0.38 ^ ft.) and L^'^^ (L > 200 

ft.). Other factor values were given in tables and graphs for application 
on soils and cropping conditions throughout Illinois. 
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DEVELOPING THE USLE 


To pursue development of an erosion-prediction equation compatible with 
data from all over the United States, the National Runoff and Soil Loss Data 
Center was established in 1954 at Purdue University under the direction of 
W. H* Wischmeier. This pioneering effort was the result of recommendations 
by a group of leaders in soil and water conservation work representing the 
Agricultural Research Service, Soil Conservation Service, several state 
agricultural experiment stations, the U.S, Weather Bureau, and the U. S. 
Bureau of Public Roads who met at Ames, Iowa in June, 1953* The Data Center 
was given the responsibility of locating, assembling, and consolidating 
runoff and erosion data from studies throughout the United States for 
summarization and further analyses in an orderly fashion. The early 
research was conducted by Wischmeier and R. E* Uhland under supervision by 
D. D, Smith and with cooperation from dozens of research locations 
throughout the United States, This was a time when digital computers and 
punched cards to store and organize data were just emerging (Wischmeier, 
1955). By 1956, more than 7000 plot-years and 500 watershed-years of basic 
precipitation, soil loss, and related data had been assembled at the Data 
Center (see Table 1). This voluminous data came from dozens of widely 
scattered research locations in many different forms and conditions. After 
standardizing the forms and units, the data were transferred to punched 
cards with a card for each runoff event, so that they could be mechanically 
rearranged and combined in overall statistical designs for analyses by 
statistical techniques. Between 1956 and 1970, several thousand additional 
plot-years and watershed-years of data from continuing studies and about 20 
additional locations were added to this data bank as they became available. 
These results from studies under natural rainfall were augmented by data 
from erosion-plot research using simulated rainfall. 

In 1955, the SCS state conservationists of the nine Midwestern stales 
requested the latest available information on the slope-practice approach. 
Toward this end, joint conferences of personnel from the Soil and Water 
Conservation Research Branch-Agricultural Research Service, the Soil 
Conservation Service, and cooperating state agencies were held at Purdue 
University in February and July, 1956, This group concentrated their 
efforts on reconciling differences among the existing soil-loss equations 
and extending this technique to regions where no measurements of erosion by 
rainstorms had been made. Persons who participated in these conferences 
included many who now are revered for their great contributions to erosion 
prediction and soil conservation--L, J. Bartelli, L. L. Harrold, 0. E, Hays, 
A. A. Klingebiel, G. W. Musgrave, D. D. Smith, C. A. VanDoren, D. M, Whitt, 
W. H, Wisclimeier, and A. W. Zingg--but at that time they were more like the 
group assembled for this workshop — interested persons hoping to advance the 
science of erosion research and erosion control. The deliberations and 
conclusions of that group were summarized in mimeographed workshop reports, 
with some details published by Smith and Wischmeier (1957) and Wischmeier et 
aJ . , (1958). The basic equation considered at these workshops (with some 
workshop decisions indicated in parentheses) was: 

A = CxMxSxLxPxKxE, where 
A = estimated soil loss 
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TABLE 1 . "-Precipitation, runoff, soil loss, and related data assembled 


through February, 
Center* 

1956 

at the National 

Runoff 

and Soil 

Loss 

Data 


No. 

Plot 

Plot 

Plot 

No. 

Wsd. 

Location 

Plots Length 

S] ope 

Yrs . 

Wsds . 

Yrs. 



(ft.) 

(%) 




GA, Tifton 

9 


3 

36 



Watkinsvil le 

14 

35 

7,11 

146 




26 

70 

7,11 

311 




11 

105 

3,7,11 

89 



IL, Dixon Springs 

16 

35,70,140,210 

5,10 

96 




22 

70 

8 

154 



Joliet 

13 

100 

4 

39 



Urbana 

4 

180 

2 

52 



IN, Lafayette 





20 

258 

lA, Castana 

10 

73 

14 

50 



Clarinda 

3 

36,73,145 

9 

33 

5 

40 


46 

73 

8-10 

375 




4 

158,315,650 

8 

28 



KN, Hays 

3 

36,73,145 

5 

51 

2 

20 


8 

73 

5 

119 




16 

109 

4 

104 




4 

200 

7 

24 



LA, Baton Rouge 

12 

100 

4.4 

108 



MI, East Lansing 





3 

39 

MO, Bethany 

2 

36,73 

8 

24 

6 

60 


9 

73 

8 

108 




10 

80 

8.5 

110 




10 

125 

8 

69 




6 

270 

6.6 

42 




5 

90,180,270 

10 

45 



NJ) Beemerville 

6 

70 

16.5 

18 



Marlboro 

40 

70,140,210 

3.5 

384 

9 

42 


2 

35 

4 

10 



New Brunswick 

16 

36 

3.5 

80 



NY, Ithaca 

3 

36,73,145 

18 

57 

5 

30 


13 

73 

20 

235 



Geneva 

6 

73 

8 

108 




2 

73 

5 

36 



Marcellus 

31 

36,73,145 

16 

314 
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TABLE l--Continued 


No. Plot Plot Plot No. Wsd. 

Location Plots Length Slope Yrs. Wsds. Yrs. 





(ft.) 

(%) 


NC, Raleigh 


60 

136 

3-5 

264 



6 

121 

3-5 

30 



6 

182 

3-5 

30 

OK, Zanesville 


3 

36,73,145 

12 

21 



8 

73 

12 

84 



1 

73 

8 

7 

OK, Guthrie 


3 

36,73,145 

8 

75 



6 

73 

8 

150 



6 

340 

4 

54 

SC, Clemson 


16 

18-22 

7-8.5 

60 



10 

62-66 

8 

94 



3 

66 

17 

5 

Spartanburg 


3 

73 

6 

12 

TX, Temple 


3 

36,73,145 

4 

64 



9 

72 

4 

89 



6 

135 

2 

50 



5 

168 

3.5 

56 



12 

432 

2 . 4 

192 

Tyler 


3 

36,73,145 

9 

45 



9 

73 

9 

135 



2 

73 

12.5 

28 



16 

73 

6.5-8 

96 

VA, Blacksburg 


15 

58 

5,10,15 

255 





20,25 


WA, Pullman 





7 73 

WI, Lacrosse 


3 

36,73,145 

16 

21 



2k 

36,73 3 

,8,13,18 

276 



42 

73 

16 

531 



10 

73 

18 

108 



3 

73 

30 

21 



24 

120 

20 

144 

Hundt Farm 


40 

200-300 

11 

480 

Madison 


29 

200 

8 

162 

Owen 


11 

300 

3 

88 4 32 

^Additional 

data 


received later 

from many of these locations and 

from Batesville, 

AR; 

Beaconsfield , Seymour, and 

Independence, lA; Presque 

Isle, ME; Benton 

Harbor, 

MI; Morris, MN; 

Holly Springs and State College, 


MS; McCredie, MO; Hastings, NE; Statesville, N.C.; Coshocton, OH; Cherokee, 
OK; State College, PA; Madison, S.D.; Knoxville and Greenville, TN; and 
May ague 2 , PR. 
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C = crop rotation factor (C = 100 for continuous corn3 

M = managenient factor (values from 0.5 to 0.8 for different 
residues and methods of tillage) ^ ^ 

S = degree or percent of slope factor (S ^ slope ‘ , with 
continued study of a proposed quadratic relationship) 

L == length of slope factor (L a length^ ‘ ^ ) 

P - conservation practice factor (specific values for slopes from 
1.1 to 24%) 

K = soil erodibility factor (each soil given a value of 0.75 ^ 1.0^ 
1.25, 1.5, or 1.75) 

E = previous erosion factor (not evaluated, but considered when 
establishing the permissible soil loss limit for each soil) 


The maximum permissible loss for any soil was established as 5 tons per acre 
per year, with lower limits for many soils, The workshop concluded that 
insufficient data were available at that time to add a rainfall factor. 


Subsequent efforts by Wischmeier, Smith and others led to combination 
of the crop rotation and management factors (Wischmeier, 1960) and to a 
rainfall factor for the states east of the Rocky Mountains (Wischmeier and 
Smith, 1958; Wischmeier, 1959). The resulting "Universal Soil Loss Equa- 
tion" (Wischmeier and Smith, 1960) was introduced in its present form at a 
series of Regional Soil Loss Prediction Workshops in 1959-62 and by a popu- 
lar publication (USDA, 1961). The complete presentation of the USLE was in 
Agriculture Handbook 282 (Wischmeier and Smith, 1965), which has been re- 
vised (Wischmeier and Smith, 1978). 

The Universal Soil Loss Equation’'^* (Wischmeier and Smith, 1965; 1978; 
Wisclimeier, 1976) is: 

A = RxKxLxSxCxP, where 

A is the predicted soil loss per unit of area as computed by 
multiplying values for the other six factors. As usually used, it is 
an estimate of the average annual interrill plus rill erosion from 
rainstorms for field-sized \ipland areas, It generally does not include 
erosion from gullies or streambanks, snowmelt erosion, or wind erosion, 
but it does include eroded sediment that may subsequently deposit 
before it reaches downslope streams or reservoirs. 

R is the rainfall and runoff factor for a specific location, 
usually expressed as average annual erosion index units. 

K is the soil erodibility factor for a specific soil horizon, 
expressed as soil loss per unit of area per unit of R for a unit plot. 
(A unit plot is 72,6 feet long with a uniform 9% slope maintained in 
continuous fallow with tillage when necessary to break surface crusts. 


*The USLE was developed and is still widely used in English units. Informa- 
tion on conversion to metric units is given in the Appendix of Wischmeier 
and Smith, 1978 . 
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These dimensions were selected because most early erosion research 
plots in the United States were 72.6 feet long and had slopes near 9%. 
Continuous fallow was selected as a base, because no cropping system is 
common to all agricultural areas and soil loss from any other plot 
condition would be influenced by residual and current crop and manage- 
ment effects that vary from one location to another.) 

L is the dimensionless slope-length factor ( not the actual slope 
length) expressed as the ratio of soil loss from a given slope Length 
to that from a 72.6-ft. length under the same conditions. 

S is the dimensionless slope-steepness factor ( not the actual 
slope steepness), expressed as the ratio of soil loss from a given 
slope steepness to that from a 9-percent slope under the same 
conditions . 

C is the dimensionless cover and management or cropping-management 
factor, expressed as a ratio of soil loss from the condition of 
interest to that from tilled continuous fallow. 

P is the dimensionless supporting erosion-control practice factor, 
expressed as a ratio of the soil loss with practices such as 
contouring, strip cropping, or terracing to that with farming up and 
down the slope. 

The USLE is the most comprehensive technique currently available for 
estimating erosion on sloping fields. It includes the six major factors 
that affect upland soil erosion by water: rainfall erosiveness, soil 
erodibility, slope length, slope steepness, cropping and management 
techniques, and supporting conservation practices. It is a methodical 
procedure developed from statistical analyses of more than 10,000 plot-years 
of data from runoff plots and small watersheds at about 50 locations in 24 
states. It enables land-management planners to estimate average annual 
erosion rates for a wide range of rainfall, soil, slope, crop, and 
management conditions and to select alternative land-use-and-practice 
combinations that will limit erosion rates to acceptable levels. The factor 
relationships used may change from time to time, but the major factors in 
this equation will remain as major determinants of erosion. 

The USLE overcame many of the deficiencies of its predecessors. Its 
form is similar to that of the Slope-Practice and Musgrave equations, but 
the concepts, relationships, and procedures underlying the definitions and 
evaluations of the erosion factors are distinctly different. Major changes 
included (1) more complete separation of factor effects so that results of a 
change in a level of one or several factors can be more accurately 
predicted, (2) an erosion index that provides a more accurate localized 
estimate of the erosive potential of rainfall and its associated runoff, 
(3) a quantitative soil-erodibility factor that is evaluated directly from 
research data without reference to any common benchmark, (4) an equation and 
nomograph capable of computing the erodibility factor for numerous soils 
from soil-survey data, (5) a method of including effects of interactions 
between cropping and management parameters, and (6) a method of 
incorporating effects of the local rainfall pattern through the year and 
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specific crop cultural conditions in the cover and management factor 
(Wischmeier, 1972) . 

The USLE incorporated results from erosion studies conducted at many 
locations during a half century of research. The findings from such 
research often appeared to be inconsistent and sometimes incompatible 
because of wide differences in the reported results. However, much of the 
difference could usually be explained by the specific rainfall pattern, soil 
properties, topographic features, and management details that occurred at 
different levels and at different combinations in the various studies, 
Erosion plot data predict specif ic^-fieid soil losses only if the influence 
of each of the major contributing parameters can be isolated and evaluated 
relative to the level at which the parameter was present in the study, so 
that the various influences can be combined in different proportions to 
simulate other conditions. Effects of rainfall characteristics and soil 
properties cannot be isolated in a one-location study, where rainfall and 
soil are either constant for the plot sites or vary in unison. Various 
secondary variables cannot be controlled in plot studies. Some of these 
vary randomly with time, some differ with seasons, and others show long-term 
trends at a given location but fluctuate unpredictably during short time 
periods. By assembling all available research data at one location for 
overall statistical analyses, many of these limitations were overcome. 
Basic data were combined from various locations using analytical designs 
that were capable of providing information on major factor effects 
individually and on some of the most important interactions. Bias of 
results by effects of random variables was also reduced by the larger amount 
of data (Stewart, et al., 1976). 

The term ^'Universal'' in the USLE has been criticized by some. The 
explanation that follows (Wischmeier, 1972) clarifies its use: 

^’The name 'universal' soil- Loss equation originated as a 
means of distinguishing this prediction model from the highly 
regionalized models that preceded it. None of its factors 
utilizes a reference point that has direct geographic orientation. 

In the sense of the intended functions of the equation's six 
factors, the model should have universal validity. However, its 
application is limited to states and countries where information 
is available for local evaluations of the equation's individual 
factors. There are exceptions to the validity of the El parameter 
as a measure of the combined erosive forces of rainfall and 
runoff. For some situations, a more accurate predictor of runoff- 
erosion potential needs to be substituted as the value of R. The 
indicated nature of effects of topographic, cover, and management 
variables is probably universa] , but it has not been shown that 
the specific ratios for L, S and C, derived on the U. S. mainland, 
are necessarily accurate on vastly different soils, such as those 
of volcanic origin for example. Slope effect in situations where 
gradients appreciably exceed 20 percent is still a serious void in 
research information, 

"The relationships, graphs and tables presented for 
evaluation of the equation's factors cannot be simply transported 
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verbatim to states or countries where the type of rainfall or the 
soil genesis is vastly different. However > a relatively small 
amount of well designed local research should enable many 
countries to adapt the soil-loss equation and basic relationships 
to their situations." 

The USLE was designed to meet the need for a convenient working tool 
for conservationists, technicians, and planners. The primary need was a 
relatively simple technique for predicting the most likely soil loss rates 
for specific situations. Therefore, refinements needed only for short-run 
predictions were sacrificed in the interest of conciseness and simplicity. 
Concepts developed by the many research efforts since 1930, and analyses of 
the assembled data, showed that all important parameters for soil loss 
prediction could be grouped under six major factors. Goals for this 
equation included that each of the factors (1) could be represented by a 
single number, (2) could be predicted from meteorological, soils, or 
erosion-research data on a locational basis, and (3) must be free from any 
geographically oriented base. Since no satisfactory runoff ^predict ion 
equation was available, the decision was made not to distinguish between 
predictions of runoff and its soil content in the model. Subsequent work 
was unsuccessful in developing a satisfactory cropland runoff prediction 
equation, so this decision was fortunate. 

The mathematical relationship between each of the USLE factors and soil 
loss was determined from statistical analyses of the assembled data. The 
effects of slope length and steepness, crop sequence, and soil- and crop- 
management practices were most accurately described in the form of 
percentage increases or decreases in soil loss. Therefore, a multiplicative 
model was selected for the equation. It utilizes four dimensionless factors 
to modify a basic soil loss that is described by dimensional rainfall and 
soil factors. Thus, the USLE is a statistical equation with variables 
evaluated by relationships based on the best percentage of variation 
explained. Regression lines and correlation coefficients were key aspects 
of its development. Since Wischmeier was a statistician, the relationships 
are primarily statistical in form rather than physical. 

The impact of the USLE has been tremendous since it was introduced more 
than 20 years ago. It has become a major soil conservation tool throughout 
the United States and in other countries. But as is true for any tool, its 
use IS limited to certain purposes and it can always be improved. Also, its 
possible adaptation for other uses requires careful consideration of 
problems and pitfalls that may result. As the applicability of the USLE to 
rangeland conditions is assessed, the way that it was developed, the data 
needed to evaluate its factors, and the basis for its use need to be kept 
clearly in mind. 


SUMMARY 

To try to summarize the years leading up to the present-day USLE is 
difficult, but some milestones are apparent. During the teen years of this 
20th century, soil erosion experimentation began on field plots. The 1920* s 
were years of awakening to the menace of soil erosion and the need for 
erosion control on the agricultural lands of our nation. They were also 
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years when results from early experiments confirmed the fears of observant 
scientists and farmers that serious soil losses were occurring on poorly 
managed land. The 1930 ’s were a time when field experiments were greatly 
expanded in number and breadth of conditions studied. Research on 
fundamental erosion principles also began in earnest during these years. 
During the 1940' s, equations to describe the effects of various factors on 
soil loss, based on research results from earlier studies, were proposed and 
used successfully on a local and regional scale. Because of World War II , 
field experiments and fundamental research activity were seriously reduced. 
The 1950’ s were a period of expanding research effort in erosion^prediction 
equation development that culminated in the USLE. Much of the available 
data was utilized, and major gaps in knowledge were identified. These were 
also years when field-plot erosion research using rainfall simulators 
blossomed, and a time when the importance of fundamental research to 
complement other research was again recognized. The USLE as we use it today 
is truly the product of many years of inovative and dedicated effort by 
hundreds of persons. It was not a sudden development instead, it evolved 
in a quite logical and organized way over several decades. We owe a sincere 
debt of gratitude to those who pioneered these important years in history. 


REFERENCES 

Baver, L. D., 1937. Rainfall characteristics of Missouri in relation to 

runoff and erosion. Soil Sci. Soc. Amer. Proc., 2:533-536. 

Baver, L. D., 1938. Ewald Wollny -- a pioneer in soil and water 
conservation research. Soil Sci. Soc. Amer. Proc., 3:330-333. 

Bennett, H. H., 1939. Soil conservation. McGraw-Hill, New York, 993 pages. 

Bennett, H. H. and Chapline, W. R., 1928. Soil erosion a national menace. 
U.S.D.A. Circular 33, 36 pages. 

Browning, G. M. , Parish, C. L., and Glass, J. A., 1947. A method for 

determining the use and limitations of rotation and conservation 
practices in control of soil erosion in Iowa. J. Amer. Soc. Agron. , 
39:65-73, 1947. 

Browning, G, M., 1977. Developments that led to the universal soil loss 

equation. In Soil Erosion: Prediction and Control, Soil Conserv. Soc. 
Amer. Special Publication 21:3-5. 

Chapline, W. R. , 1929. Erosion on range land. J. Amer, Soc. Agron., 

21:423-429. 

Cook, H. L. , 1936. The nature and controlling variables of the water 

erosion process. Soil Sci. Soc. Amer. Proc., 1:60-64. 

Duley, F. L. , and Miller, M. F., 1923. Erosion and surface run-off under 
different soil conditions. Missouri Agr, Expt. Sta. Research Bui. 63, 
50 pages. 


13 


Ellison, W. D. , 1947. Soil erosion studies. Agric. Engineering 28:145-146, 

197-201, 245-248, 297-300, 349-351, 402-405, 442-444. 

Harper, H. J. , 1958. Fifty years of soil and water conservation research at 
the state level. Soil Sci. Soc. Ainer. Proc. 22:358-366. 

Horton, R. E., 1933. The role of infiltration in the hydrologic cycle. 

Trans. Ainer. Geophys. Union, 14:446-460. 

Laws, J. 0., 1940. Recent studies in raindrops and erosion. Agric. 

Engineering 2:431-434. 

Lloyd, C. H. and Eley, G. W. , 1952. Graphical solution of probable soil 

loss formula for northeastern region. J. Soil and Water Cons. 

7:189-191. 

Lutz, J. F., 1934. The physicochemical properties of soils affecting 

erosion- Missouri Agr. Exp. Sta. Research Bull. 212. 

Middleton, H. E. , 1930. Properties of soils which influence erosion. U.S. 

Dept. Agr. Tech. Bull. 178. 

Miller, M. F., 1929. Ten years of soil erosion measurements. Kept, of 

Ninth Annual Meeting, Amer. Soil Survey Assoc, pp. 29-34. | 

Miller, M. F. and Krusekopf, K. H. , 1932. The influence of systems of j 

cropping and methods of culture on surface runoff and soil erosion. 1 

Mo. Agric. Expt. Sta. Research Bui. 177, 32 pages. * 

Musgrave, G. W. , 1935. The infiltration capacity of soils in relation to . 

the control of surface runoff and erosion. J. Amer. Soc. Agron. \ 

27:336-345. i 

i 

§ 

Musgrave, G, W. , 1947. The quantitative evaluation of factors in water ! 

erosion, a first approximation. J. Soil and Water Cons. 2:133“138. \ 

Musgrave, G. W. , 1949. Designing agronomic practices to meet specific j 

erosion hazards. J, Soil and Water Cons. 4:99-102. ’ 

Neal, J. K. , 1938. The effect of the degree of slope and rainfall 

characteristics on runoff and soil erosion. Missouri Agr. Exp. Sta. 

Research Bull, 280, 

Nelson, L. B., 1958. Building sounder conservation and water management 
research programs for the future. Soil Sci. Soc. Amer. Proc. 22 
355-358. 

Nichols, M. L. and Smith, D. D., 1957. Progress in erosion control over the 
past 50 years. Agric. Engineering 38:422-425, 460. 

Sampson, A. W. , and Weyl, L. H,, 1918. Range preservation and its relation 
to erosion control on western grazing lands, U.S. Dept. Agr. Bui. 675, 

35 pages. 


14 



Smith, D. D. , 1941. Interpretation of soil conservation data for field use. 
Agric. Engineering 22:173-175. 

Smith, D. D., 1958. Factors affecting rainfall erosion and their 

evaluation. Proceedings, Int'l Union of Geodesy and Geophysics 
Assembly, Toronto, Ontario, Canada, pages 97-107. 

Smith, D. D., and Whitt, D. M. , 1947. Estimating soil losses from field 
areas of claypan soils. Soil Sci. Soc. Amer. Proc. 12:485-490. 

Smith, D. D., and Whitt, D. M. , 1948. Evaluating soil losses from field 

areas. Agric. Engineering 29:394-396. 

Smith, D. D., and Wischmeier, W. II., 1957. Factors affecting sheet and rill 
erosion. Trans. Atner. Geophys . Union 38:889-896. 

Smith, D. D. , and Wischn>eier, W. H. , 1960. Current concepts and 
developments in rainfall erosion research in the U.S. Trans. 5th 
Int'l. Cong, of Agr, Engr. , Brussels, Belgium, pp. 458-469. 

Smith, D. D., and Wischmeier, W. H. , 1962. Rainfall erosion. Advances in 
Agronomy 14:109-148. 

Stewart, B. A., Woolhiser, D. A., Wischmeier, W. H. , Caro, J. H. , and Frere, 
M. H. , 1976. Control of water pollution from cropland. Vol II. 

EPA-600/2-75-026b . Environ. Protection Agency, Washington, D.C., 
Chapt. 3. 

Stewart, Geo. and Forsling, C. L., 1931. Surface runoff and erosion in 

relation to soil and plant cover on high grazing lands of central Utah. 
J. Amer. Soc. of Agron., 23:815-832. 

U. S. Department of Agriculture, 1961. A universal equation for predicting 
rainfall-erosion losses. ARS Special Report 22-66, 11 pages. 

Van Doren, C. A., and Bartelli, J, J., 1956. A method of forecasting soil 
losses. Agric. Engineering 37:335-341. 

Williams, D. A., 1958. Crops and soils in conservation. Soil Sci. Soc. 

Amer. Proc. 22:350-354. 

Wischmeier, W. H. , 1955. Punched cards record runoff and soil-loss data. 
Agric. Engineering 36:644-666. 

Wischmeier, W. H. , 1959. A rainfall erosion index for a universal soil loss 
equation. Soil Sci. Soc. Amer. Proc. 23:246-249. 

Wischmeier, W. H. , I960. Cropping-management factor evaluations for a 

universal soil-loss equation. Soil Sci. Soc, Amer. Proc. 24:322-326, 

Wischmeier, W. H. , 1972. Upslope erosion analysis. In Environmental Impact 
on Rivers. Water Resources Publications, Fort Collins, Colo. 


15 


Wischmeier, W. H,, 1976. Use and misuse of the universal soil loss 

equation. J. Soil and Water Cons. 31:5-9. 

Wischmeier, W. H., and Smith, D. D. , 1958. Rainfall energy and its 

relationship to soil loss. Trans. Amer. Geophys . Union 39:285-291. 

Wischmeier, W. H. , and Smith, D. D. , 1960. A universal soil-loss estimating 
equation to guide conservation farm planning, Trans., 7th Cong. Int’l. 
Soil Sci. Soc. 1:418-425. 

Wischmeier, W. H., and Smith, D. D., 1965. Predicting rainfall-erosion 

losses from cropland east of the Rocky Mountains. USDA Agric. Handbook 
No. 282, 4? pages. 

Wischmeier, W, H. , and Smith, D. D., 1978. Predicting rainfall erosion 

losses - a guide to conservation planning. USDA Agric. Handbook No. 
537, 58 pages, 

Wischmeier, W, H., Smith, D. D., and Uhland, R. E., 1958. Evaluation of 

factors in the soil loss equation. Agric. Engineering 39:458-462, 474. 

Wollny, E. , 1888. Untersuchungen iiber die sickerwassermengen in 

verschiedenen Bodenarten; Forsch. a. d. Gebiete d. Agri. Physick, Band 
11, Seite 1-68. 

Zingg, A. W. , 1940. Degree and length of land slope as it affects soil loss 
in runoff, Agric. Engineering 21:59-64. 


16 



RELATION OF USLE FACTORS TO EROSION ON RANGELANoi'^ 


G. 


R. B'oster— 


ABSTRACT 

Factors in the Universal Soil-Loss Equation (USLE) are measures of the 
effect of climate, soil, topography, and land use on erosion. The factors are 
referenced to a unit plot, 72.6 ft long on 9% slope, maintained in tilled, 
continuous fallow. The USLE is primarily used to inventory erosion under 
current conditions and to guide the selection of practices to control erosion 
to a tolerable level. It has been widely applied to cropland in the Eastern 
U. S. and recently has been extended to Western rangeland. Special considera- 
tions are required in this new application because rangeland conditions differ 
significantly from those used to derive the USLE. 


INTRODUCTION 

The Universal Soil-Loss Equation (USLE) (Wischmeier and Smith, 1978) is 
widely used to estimate sheet and rill erosion. Although the USLE was orgi- 
nally developed for cropland east of the Rockies, its use has been extended to 
rangeland, construction sites, forest lands, and surface mines in all parts of 
the U. S. and in several foreign countries. The data originally used to 
develop the USLE were extensive, including 10,000 plot-years of data from 
natural runoff plots and small watersheds for a wide range of soils, slope 
lengths and steepnesses, crops, and management practices common to cropland in 
the Eastern U. S. More recently, data from plots under simulated rainfall 
were used to evaluate soil erodibility, conservation tillage, and erosion on 
construction sites. Generally, the data used to extend the USLE to the West 
and to rangeland were limited in comparison with the original data 
(Wischmeier, 1974; Wischmeier, 1975). 

A generation of erosion research, data collection, equation developtnent , 
and field application of erosion equations preceeded the USLE. Some of the 
factors and techniques used in the USLE had evolved as early as 1940 (Zingg, 
1940) . Consequently, the USLE was both a refinement and a major advancement 
of technology. Research for new applications of the USLE must consider the 

V Contribution of the USDA- Science and Education Administration- 
Agriciiltural Research, Lafayette, Indiana in cooperation with the Purdue 
University Agricultural Experiment Station, West Lafayette, Indiana. Purdue 
Journal No. 8504. 

2/ Hydraulic Engineer, USDA, and Associate Professor, Agricultural 
Engineering Department, Purdue University, West Lafayette, Indiana. 
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significance, meaning, and derivation of each of its factors, particulf'tly as 
they relate to conditions of climate, soil, topogpphy, and land use that are 
greatly different from those v^iich produced the original USLE data set- 


USLE FACTORS 

The USLE factors are measures of the effect of climate, soil, topography, 
and land use on erosion. The factors are: 

A=RKLSCP 

where A = soil loss (mass/area time period of R) , R = rainfall-runoff ero- 
sivity factor (climate) , K = soil erodibility factor (soil) , L = slope length 
factor (topography) , S = slope steepness factor (topography) , C = cover and 
management factor (land use) , and P = supporting conservation practice factor 
(land use) . Factors L, S, C, and P are dimensionless; A, R, and K have dimen- 
sions and units.* 


Erosivity (R) 

The product R K is a key component of the USLE. The factor R for a 
specific year is given by: 


R= 1 (El). 

j=l ^ 

wiiere El = the product of storm energy and maximum 30-min intensity. Not all 
storm El qualify for inclusion in the sum for R (Wisclimeier and Smith, 1978) . 
For example, El for rain stonns of less than 1/2 inch are excluded because 
these storms generally contribute little to erosion or R. Storms separated by 
less tlian six hours are treated as a single storm. Wisclimeier and Smith 
(1978) list all of the requirements for inclusion of a storm's El in the sum- 
mation for R. 

Ttie erosivity pararaeter El was determined by regression analysis of soil 
loss data frw: 72.6 ft long natural runoff plots, maintained in continuous 
tilie-J fallow or continuous row crops (Wischmeier and Smith, 1958; Wischmeier, 
1959; Wischrneier, 1972). Several rainstorm variables were analyzed to deter- 
mine nii erosivity factor (Table 1). Inclusion of runoff variables in the ero— 
sivity factor would have improved erosion predictions (Lombardi, 1979), but 
they wre nvjt u.seii because runoff prediction equations available at the time 
w-„'re juTgol to be unsatisfactory for estimating runoff values for use in the 
UcLE (Wischmeier, 1972) . 


ici'i * McCool, K. G. Renard, and W. C. Moldenhauer. 

’ of the Universal Soil Loss Equation (USLE) to SI Metric 


J. 

Units. 


.'iubnitted to J. of Soil and Water Conservation. 
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TABLE 1. Examples of percentages of total soil-loss variation accounted for 
by certain rain storm parameters.i^ 


Soil type and no. of storms in analysis 

Shelby loam Marshall Fayette Cecil s. 1. 

Rainstorm topsoil subsoil si c 1 si 1 rep 1 rep 2 
parameter(s) (136)-/ (136) (92) (115) (81) (81) 


l-l 

56 

42 

E 

82 

77 

M 

74 

69 

VxD 

78 

70 

E + I 

83 

77 

M + I 

78 

59 

VxD + I 

79 

70 

Ex I 

89 

82 

MX I 

87 

79 

VxDxI 

86 

75 


55 

82 

76 

72 

57 

70 

70 

72 

50 

62 

65 

67 

63 

79 

62 

68 

68 

86 

84 

83 

68 

86 

83 

81 

69 

87 

83 

84 

74 

90 

97 

95 

74 

90 

96 

93 

74 

90 

85 

90 


2 

1/ Determined by coefficient of determination, R , in regression analyses 
with soil loss from bare fallow as the dependent variable. 

Number of storms. 

3/ Definitions: I = maximum 30-min intensity; E = kinetic energy of the 
raTn; M = momentum; VxD = drop velocity times diameter; the symbol "+" between 
parameters Indicates their combination in an additive model; ExI, Mxl, and 
VxDxI are interaction terms derived as products of the parameters. 

Source : Wischmeier (1972) 


Typical applications of soil loss equations at the time the USLE was 
developed required fairly simple equations. Since the USLE estimates long 
term, average annual soil loss, extra steps to estimate and use runoff values 
in the equation probably would not have significantly increased the accuracy 
of the USLE. Furthermore, El has a major advantage because a simple, linear 
weighting procedure can be used to account for the interaction of the seasonal 
variabliity of erosivity with cover because soil loss varies linearly with El. 

Total storm energy E is given by; 

E = 1 

k=l ^ 

where e. = energy concentration or unit energy of the rainfall and “ the 

depth of rainfall at intensity ij^. The rainfall hyetograph is divided into 
periods so that a constant i|^ can be assumed for a period A t|^« The depth 
Av. is iuAti.. Unit energy derived from natural rainfall data is given by 
(Wischmeier and Smith, 1958; Wischmeier and Smith, 1978); 
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ej^ = 916 + 331 log i,^ 


[4] 


\i/iiere has units of ft ton/ (acre in of rain) and i,^ has units of in/hr. 
Unit energy e does not vary greatly with i, and in Northern Mississippi e is 
nearly constant for intensities above 1 in/hr (McGregor and Mutchler, 1977; 
Wischnieier and Smith, 1978). 

The interpretation of El should not limit it to just a measure of the 
erosivity of impacting raindrops even though it is computed from their ener- 
gies. Perhaps emphasis of energy relationships has detracted from the signi- 
ficance of El. Since e can be assumed constant for intensities greater than 1 
in/hr, total energy E for a storm is almost directly proportional to rainfall 
depth V for a storm. Thus El can be written as; 

El = o( V I3Q [5] 

where c( = a proportionality constant and = maximum 30-min intensity. Lom- 
bardi (1979) found that V was almost as good for estimating soil loss from 
bare fallow plots as El computed by the regular method. 

The erosivity factor is a basic erosivity factor because it includes 
measures of the two most important properties of a rainstorm, amount and 
intensity. The intensity is a measure of interrill erosion rate per unit 
of rainfall. This rate ^multiplied by total depth of rainfall gives total 
interrill erosion for a storm. Rill erosion rate and sediment transport capa- 
city per unit of runoff can be assumed to be proportional to peak runoff rate 
which is related to This erosion rate and sediment transport rate multi- 
plied by depth of irmoff, which is related to depth of rainfall, would give 
total rill erosion and sediment transport capacity for the runoff event. Thus 
El, because of its proportionality to VI^q, is more than a measure of the 
capacity of raindrops to detach soil particles; it indirectly includes the 
effect of runoff on rill erosion and sediment transport. 

Amount of runoff depends greatly on antecedent conditions, and, since the 
USLE does not directly consider either antecedent conditions or specific soil 
and cover conditions at the time of an event, it poorly estimates soil loss 
from specific rain events (Wischmeier, 1976). Lombardi (1979) found that ero- 
sivity factors which combine depth of rainfall, depth of runoff, and maximum 
30-min intensity were better than El for estimating soil loss from specific 
storms. However, the USLE should provide a good estimate of average soil loss 
for many occurrences of a specific storm over the normal range of antecedent 
conditions. 

Clearly, the infrequency of rainfall and its great spatial variablility 
in the West are considerations in application of the USLE (Trieste and Gif- 
ford, 1980). Perhaps accurate estimates for specific events are required when 
annual soil loss is very strongly dominated by one or two stonns in a year. 
If soil loss estimates for specific events become critical in the application 
of the USLE, the erosivity factor R will need rexaraination. 
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Soil Erodibility (K) 


Different soils under similar conditions may erode at different rates. 
The K factor is a measure of this basic difference in soil erodibility. The 
influence of other factors, like rainfall-runoff erosivity, slope length and 
steepness, cover, and management, must be removed from experimental data in 
order to evaluate K. The approach used in the USLE development was to define 
a base reference, the unit plot {Wischmeier and Smith, 1978). A unit plot is 
72.6 ft long on a 9% slope and is maintained in continuous fallow, periodi- 
cally tilled up and down hill to break soil crust and to control weeds. 
Values of L, S, C, and P are defined to be unity for the unit plot. Many fal- 
low and cropped plots in the original USLE data set v/ere typically 72.6 ft 
long by 6 ft wide for an area of 0.01 acre, a unit that conveniently converted 
soil loss from tons/plot to tons/acre by a simple shift of the decimal point. 
Although 9% was an average or typical plot steepness for many of the research 
locations, the range in plot steepness across the various locations was from 
3% to 25%. Continuous fallow was selected for the unit plot because no crop- 
ping system is common to all agricultural areas and soil loss from any other 
plot condition would be influenced by residual and current crop-and-manageraent 
effects that vary from one location to another {Wischmeier, 1972). Such vari- 
ation prevented isolation of soil erodibility. Also, soil loss from the unit 
plot is a reference for high erosion rates, although erosion from plots with 
crusted soil may be greater than that from tilled unit plots. 

Soil erodibility K (mass/area erosivity unit) is defined as the rate of 
erosion from the unit plot of a specific soil per unit of erosivity. To 
determine K, soil loss from experimental plots being used to estimate K is 
adjusted to give the soil loss expected from a unit plot on the same soil. 
Adjusted soil loss is observed soil loss divided by factor values for slope 
length, slope steepness, cover, and management applicable to the experimental 
plots. The slope of the linear regression line for those adjusted soil loss 
values vs. El is K {Wischmeier, 1972), The intercept of the linear regression 
line is ignored because it is usually close to zero, or the regression line is 
forced through the origin. 

Values of K determined from natural runoff plots are affected by the type 
of rainfall and runoff and the distribution of rain on dry soil vs. rain on 
wet soils. Consequently, v^en K is derived from rainfall simulator data, 
measured erosion rates from both rain on dry soil and rain on wet soil are 
weighted to reflect the natural distribution of rainfall {Wisclimeier et al., 
1971) . 

Since K is a measure of erodibility from both raindrop impact and surface 
runoff, plots used to detennine K must be sufficiently long for runoff to 
accumulate to a rate typical of most field situations. A soil's susceptibil- 
ity to interrill erosion by raindrop impact (interrill erosion) may not be 
related to its susceptibility to erosion by surface runoff {rill erosion) . 
Two soils may be equally susceptible to interrill erosion, but have greatly 
differing susceptibilities to rill erosion {Meyer et al., 1975). The relative 
erodibilities of two such soils depends on the slope length used to evaluate 
them (Meyer et al., 1976). Therefore, erosion on short plots may not accu- 
rately measure K for longer slope lengths, vAiere ri]l erosion contributes sig- 
nificantly to soil loss. 
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The LISLE soil erodibility nomograph (Wischineier et al., 1971), frequently 
used to estimate K, vvas derived from rainfall simulator data from 35 ft long 
plots on Midwestern soils that were predominently medium textured. Obvious 
differences between Midwestern and Western soils raise questions about the 
transferability of the nomograph. The genesis of Western soils is greatly 
different from that of Midwestern soils, and Western soils are sometimes 
covered by a stone (erosion) pavement not present on many Eastern soils. 
Furthermore, Western rainfall patterns differ from Eastern patterns which 
could give different K values for the same soil located in the two climates. 
The effect of these differences on K has not been extensively studied. 

A tilled fallow plot is used for a reference to define K. Most rangeland 
soils are not cultivated, and if they are tilled, like in root plowing, the 
disturbance is less intense than most primary and secondary tillage of agri- 
cultural soils. Furthermore, tillage on rangeland is infrequent. Therefore, 
tilled fallow does not represent a typical rangeland condition, but it may be 
a necessary reference if information on K derived from tilled cropland soils 
is to be transferred to rangeland conditions. In the future, perhaps a new 
reference plot should be defined for rangelands, particularly if its relation 
to a tilled cultivated plot could be defined. 

Slope Length (L) 


The USLE relationship for the increase of erosion with slope length is: 

L = ( X/72.6)"’ [6] 

where L = slope length factor which is the ratio of soil loss from a slope 
length X in feet to the soil loss from a 72.6 ft long slope in the same condi- 
tions and m = an exponent. The L factor is a measure of the effect of accumu- 
lated runoff with increased slope length on detachment by runoff and sediment 
transport capacity of runoff. This relationship was derived using data from 
plots that ranged in length from 36 ft to 630 ft (Wischmeier et al., 1958) as 
indicated in Table 2. Experimental values of m varied from 0 to 0.9 among 
several locations in the Eastern U. S. 'Ihe recommended m for field applica- 
tion of the USLE ranges from 0.2 for very flat slopes to 0.5 for 5% and 
steeper slopes (Wischmeier and Smith, 1978) . 

The slope length exponent m apparently increases for stonTis, soils, slope 
lengths and steepnesses, cover, and management where rill erosion increases 
with respect to interrill erosion (Foster et al., 1977). Therefore, m varies 
from storm to stonn as the amount and rate of runoff vary with respect to 
rainfall. Soils highly susceptible to rill erosion are likely to have a large 
m. Long and steep slopes generally cause increased rill erosion relative to 
interrill erosion; consequently m is greater for these slopes. Conversely, m 
is smaller where cover and management more effectively controls rill erosion 
than interrill erosion. However, a constant m is generally used in practice, 
except for the variation of m with slope for steepness from 0 to 5%. 
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TABLE 2. Length of slope data summary .i'' 


Location 

Slope 

Row 

direction 

Cropping 

Slope length 

Length 
of record 

Average 

expon^i^t 


(%) 



(ft) 

(years) 


Zanesville, OH 

12 

Contour 

C.corn 

36,73,145 

7 

0.27 

Clarinda, lA 

8 

U&Di' 

C.corn 

158,315,630 

7 

0.31 

Clarinda, lA 

9 

U&D 

C.corn 

73,145 

11 

0.36 

Bethany, MO 

8 

Contour 

C.corn 

73,145 

10 

0.36 

Bethany, MO 

10 

U&D 

C.corn 

90,180,270 

9 

0.90 

Dixon Sp, IL 

• 5&9 

Contour 

C,W,L 

35,70,140 

8 

0.39 

Arnot, NY 

18 

Contour 

C.corn 

73,145 

8 

0.45 

Lacrosse, WI 

3-18 

U&D 

C. barley 

36,73 

5 

0.45 




C,W,M 


3 


Lacrosse, WI 

16 

Contour 

C.corn 

36,73,145 

6 

0.50 

Marcell us, NY 

17 

Contour 

C,C,0,M, 

36,73,145 

7 

0.60 




C,0,M 




Hays, KS 

5 

U&D 

C. wheat 

36,73,145 

10 

0.00 



Contour 



7 


Temple, TO 

4 

U&D 

C.corn 

36,73,145 

15 

0.00 

Tyler, TO 

9 

Contour 

C, cotton 

36,73,145 

15 

0.54 

Guthrie, OK 

7.7 

U&D 

C. cotton 

36,73,145 

25 

0.68 


V Wischmeier, W. H. 1956. Distributed at a joint SEA-SCS workshop held at 
Purdue University, Lafayette, IN. 

1 / Exponent of L when fitted to 108 years of annual soil losses == .48. 

V Legend: U&D - Rows up and down hill; C. - continuous cropping; C - corn, 
W - wheat, L - legume, 0 - oats, M - meadow. 


Slope length limits for applicability of the USLE have not been precisely 
defined. Foster et al. (1981) suggested that the minimum slope length to 
which the USLE applies is about 15 ft. This conclusion was based on a compar- 
ison of the form of the USLE with that of a more basic erosion equation having 
separate terms for rill and interrill erosion. The USLE gives no soil loss 
for a zero slope length while fundamental analysis suggests a significant soil 
loss from raindrop impact. 

The upper limit is even less clearly defined. The USLE slope length is 
defined as the distance from the origin of overland flow to the point where 
runoff reaches a well defined channel or to wtiere slope steepness decreases 
enough for deposition to begin (Wischmeier and Smith, 1978) . A defined water- 
way or channel may not be obvious on rangeland, especially if it is not 
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eroding. Thus, selection of a slope length value involves judgement which 
results in different values by different users \^en the USLE is applied to the 
same site. One opinion is that USLE slope lengths seldom exceed 400 to 500 ft 
(Dissmeyer and Foster, 1980), and if a longer value is used, conditions at the 
site should be reviewed carefully. Williams and Berndt’s (1977) method of 
using contour maps to estimate slope length for complex areas is an objective 
technique useful in some situations. 

The L factor is assumed to be primarily related to rill erosion and sedi- 
ment transport by runoff. It presumably could be different for rangeland than 
for cropland if rill erosion relative to intertill erosion differs for the two 
situations. Without support of data or analysis, my opinion is that the L 
factor is the USLE factor that transfers best from Eastern cropland to Western 
rangeland. 


Slope Steepness (S) 

The slope steepness factor of the USLE is given by: 

S = 65.41 sin^e + 4.56 sine + 0.0654 17] 

wiiere 0 = slope angle. The steepness factor is a measure of the effect of 
slope steepness on hydraulic forces from raindrop impact and runoff and their 
capacity to detach and transport sediment. Also, the factor is a measure of 
the effect of slope steepaiess on amount of runoff and surface storage for 
runoff and detached sediment. The relationship is based primarily on plot 
data from natural rainfall at Lacrosse, Wisconsin where slopes varied from 3 
to 18% and is supported by limited data from other locations (Smith and 
Wischineier, 1957). The relationship of soil loss to slope was different at 
Blacksburg, Virginia than at Lacrosse, Figure 1. A part of the reason for the 
difference is that runoff increased significantly with slope at Lacrosse while 
it was nearly constant for all slopes at Blacksburg. Slopes at Blacksburg 
ranged from 3 to 25%. Figure 1 also shows relationships proposed by Zlngg 
(1940) and Smith and Whitt (1947; Neal, 1938). The USLE relationship, equa- 
tion 7, is the parabolic equation in Figure 1. Mutchler and Murphree (1981) 
recently used 250 ft plots and simulated rainfall to evaluate the length and 
steepness relationship for slopes less than 1%. The steepness relationship 
also varies with cover, roughness, soil, and runoff (Lombardi, 1979), but the 
variation has not been defined for field application. 

Many rangeland slopes exceed 20% or 25%, the upper limit of the data used 
to develop the S factor. This raises the question of, "Can the USLE be reli- 
ably applied to rangeland slopes greater than 25%?" If the factor relationship 
is in error, it likely overpredicts soil loss. Meyer et al. (1975) found that 
soil loss from interrill erosion did not increase greatly for slopes between 
15 and 30%, the upper limit of their data. Storage of runoff and sediment and 
amount of runoff may not be greatly affected by slope on rangeland soils. if 
these effects are negligible, soil loss is assumed to vary with slope to a 
power of less tljia^ 1 (Foster and Meyer, 1972) . The Zingg (1940) equation of 
S = {sin0/O.O9) ’ has been recommended for steep cropland slopes in the 
Palouse (McCool et al., 1977). 
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Relative Soil Loss (Tons/Rore) 
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tigure 1. Variation of soil loss with slope steepness (Smith and Wischmeier, 1957). 










The current recommendation is to use equation 7 for S with the recogni- 
tion that soil loss from steep slopes may be over estimated. Sin 0 should 
definitely be used rather than tan 0 (% slope/100) in equation 7. Shear 
stress of flow down a vertical wall is finite as can be shown from solution of 
the Navier-Stokes equations. Sin 9 is a direct result of such solutions; tan 
0 is not and besides tan 6 gives an infinitely large shear stress for a verti- 
cal wall, an unrealistic result. 

Irregular Slopes 

Erosion depends on slope shape. Soil loss is greater from a convex slope 
than from a uniform slope of the same average steepness. Conversely, soil 
loss from a concave slope is less than that from a uniform slope of the same 
average steepness. A procedure (Foster and Wisclimeier , 1974; Wischmeier and 
Smith, 1978) is available for applying the USLE to slopes where steepness, 
erodibility, cover, and management vary along the slope, provided changes 
along the slope do not induce deposition like that on the toe of concave 
slopes. The USLE cannot be used to estimate sediment transport through areas 
of widespread deposition; it is basically an erosion equation. The USLE 
irregular slope procedure is very rigorous, given the assumption that the USLE 
is a detachment limiting equation, rather than a transport capacity limiting 
equation (Foster and Wischmeier, 1974) . 

Cover-Management (C) 

The cover-management factor C is a measure of the effect on erosion of 
cover and management that differs from the clean tillage on the unit plot. It 
measures; (i) the effect of canopy and ground cover on the hydraulics of rain- 
drop impact and runoff; (ii) the effect of cover and management on amount and 
rate of runoff; (iii) the effect of cover and management on soil structure, 
organic matter, soil tilth, evapo transpiration, and other soil characteris- 
tics; (iv) the effect of a carry over from a previous land use when land use 
changes; and (v) the effect of roughness from tillage or other disturbances. 
Thus, the C factor is definitely more than just canopy and ground cover. 

The cover-management factor C is evaluated from soil loss ratios, ratios 
of soil loss from a particular practice at a given crop stage on a given soil 
to that from a unit plot of the same soil. Soil loss ratio varies during the 
year with crop canopy, ground cover, primary tillage, seedbed preparation, and 
harvest. A value for C is a \>?eighted soil loss ratio based on the distribu- 
tion of rainfall erosivity over the year. Since the distribution of erosivity 
during a year varies with location, different C factor values are required for 
different locations for the same cropping practice. 

Many soil loss ratios in Agriculture Handbook No. 537 (Wischmeier ahd 
Smith, 1978) are based on extensive data frcxn natural runoff plots. However, 
those for conservation tillage and construction sites are based on data from 
rainfall simulator plots, most of which were 35 ft long. The values for 
undisturbed land are based on subfactor relationships for the separate effects 
of canopy, ground cover, soil consolidation, and plant roots (Wischmeier, 
1975). These soil loss ratios, frequently applied to rangeland, have not been 
validated with extensive data specifically from rangeland conditions. 
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Nevertheless, they are based on sound principles and data for the individual 
subfactors. 

All rangeland conditions are not covered by C factor values given in 
Agriculture Handbook No. 537. For example, roughness from root plowing or 
cattle trampling is not considered. Dissmeyer and Foster {19&1) recently 
extended Wischmeier's (1975) subfactor approach to forest land. Estimated 
soil loss values agreed well with observed data indicating that the subfactor 
method can give good results especially for disturbed forest situations. 
Several of the factors considered by Dissmeyer and Foster (1981) may be appli- 
cable to rangeland. 

The C factor is often the most important factor of the LISLE. At a site, 
it is the only factor that a range manager may easily change to control ero- 
sion. Also, its effect on computed soil loss over its range of possible vari- 
ation is greater than that of any other USLE factor. It is the factor that 
probably should receive first attention in a research program to adapt the 
USLE to rangeland. 


Supporting Practices (P) 

Examples of supporting practices on cropland are contouring, stripcrop- 
ping, and terraces. The factor for supporting practices is the most difficult 
of the USLE factors to define and evaluate. Its values are probably more sub- 
ject to error than are other factor values. Its main influence is through the 
effect of surface configuration on amount, rate, and flow direction of the 
runoff. Diversion of direct, downslope runoff to flow along the contour 
greatly reduces the detachment and transport capacity of the runoff. Signifi- 
cant deposition may result. Perhaps the effect of cattle trails on rangeland 
could be described by this factor. However, some USLE users prefer that such 
effects as those from cow trails be included in the C factor which may be more 
in keeping with USLE definitions (Wischmeier and Smith, 1978) since rangelands 
are seldom tilled in any direction. However, ridges from root plowing on the 
contour and pitting might be appropriate P factor effects. 

INTERELATIONSHIP OF FACTORS 

The USLE factors are interrelated. For example, the slope length 
exponent, and hence L, depends on climate, soil, slope length and steepness, 
cover, and management. Thus, L is related to all other USLE factors. When 
the USLE was developed, available knowledge and application of the USLE for 
estimating average annual soil loss apparently did not warrant a more complex 
equation although interrelationships were recognized. However, if estimates 
of soil loss from specific storms, sediment yield from complex areas, and 
characteristics of eroded and transported sediment are required, more detailed 
models like CREAMS (Foster et al., 1980) must be used. 

Other interrelationships involve factors used to describe a particular 
effect that could be included in more than one factor. The C factor includes 
soil effects — why not put these in the soil erodibility factor? Whether to 
account for surface rock fragments (erosion pavement) in the K or C is 
debated. In some cases, the final result is independent of the factor chosen 
to represent a particular effect. The chosen factor depends on tradition. 
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clarity, convenience, and ability to isolate and evaluate the particular 
effect with research data. 

Although no runoff factor appears directly, the USLE does consider the 
effect of runoff on erosion. All USLE factors are related to runoff and to 
the interaction of natural rainfall with field conditions. For example, the 
effect of slope steepness for rough surfaces may be greater for variable 
natural rainfall than it is for long duration, high intensity, simulated rain- 
fall. Data from rainfall simulators are not always directly transferable to 
natural conditions because of such interactions. 


METRIC CONVERSION OF USLE FACTORS 

Soil loss, erosivity, and soil erodibility factors have dimensions and 
units which require conversion to use the USLE in a metric system. Several 
conversion factors have been proposed. The ones by Wischmeier and Smith 
(1978) are for an older metric system and not the International SI system. 
Wischmeier and Smith's (1978) conversion factors and SI conversion factors 
published in a supplement to Agriculture Handbook No. 537, (USDA, 1981) give 
USLE factor values that are similar to those in the customary U. S. system. 
Since USLE values are often written without units, charts and tables of USLE 
values in U. S. customary units can be easily confused with similar charts and 
tables in SI units if the magnitude of values for R and K are similar in the 
two systems of units. Therefore, Foster et al.* proposed SI conversion fac- 
tors that give factor values greatly different frcan values in U. S. customary 
units. Figures 2 and 3 are the erosivity (R) map and soil erodibility (K) 
nomograph based on conversion factors from Foster et al.* 

Mitchell and Bubenzer (1980) proposed that charts and tables not be 
changed so that R and K values in U. S. customary units could be retained. 
They interpet R and K as coefficients from a dimensionally nonhomogeneous 
regression equation where dimensions have little or no significance. Computed 
soil loss would be converted to metric units in a final computation. This 
system requires that either values for R and K would be determined in con- 
venient metric units and then converted to U. S. customary units or that basic 
data used to determine R and K be converted to U. S. customary units. A major 
disadvantage of their proposal is the continuance of a dual system of units. 


SENSITIVITY OF USLE FACTORS 

Computed soil loss from the USLE is more sensitive to change in some fac- 
tor values than others. For example, the relative change in computed soil 
loss is less than the relative change in slope length, especially when the 
slope length exponent is 0.2. Soil loss from a 1000-ft slope length does not 
differ greatly from that from a 2000~ft slope length v^en both are on a 0.5% 
slope. The converse is true for the steepness factor. The relative change in 
computed soil loss is greater than the relative change in slope steepness. 


* Foster, G. R. , D. K. McCool, K, G. Renard, and W. C. Moldenhauer. 1981. 
Conversion of the Universal Soil Loss Equation (USLE) to SI Metric Units. 
Submitted to J. of Soil and Water Conservation. 
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tigure 2. Average annual values for rainfall erosivity factor R in SI Metric Units. 
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figure 3. Soil erodibility (K) nomograph in SI Metric Units. Mapted from Wischmeier and Smith (19^8). 





Consequently, a value for slope steepness should be selected more carefully 
than slope length. 

Soil loss ratio varies much more rapidly with ground cover at low percen- 
tages of ground cover, the normal condition on many rangelands, than at high 
percentages of cover. Canopy is unimportant for dense ground cover, but it is 
a major factor when ground cover is nearly bare and canopy is dense and near 
the ground. Values for soil loss ratio, and hence C, have the greatest rela- 
tive range of the USLE factors. Certainly C is the most important factor for 
comparison of practices at a location. 

Factors R and K can be evaluated precisely from charts and maps. This 
does not mean that these factors are free of error. Indeed, the error in 
these factors, especially R in the Western U. S., probably exceeds the error 
in L, even though determination of a value for slope length may be imprecise 
and variable among individual evaluators. 


APPLICATION OF USLE 

The USLE is primarily used as an inventory tool to assess sheet and rill 
erosion rates on agricultural land under current management, and as a guide in 
selecting practices to control sheet and rill erosion to a rate less than some 
soil loss tolerance. The USLE is a powerful tool in these roles. It should 
also be useful in these ways for rangeland applications (Johnson et al., 
1980) , although its estimates will likely not be as accurate for erosion on 
Western rangelands as for erosion on cropland in the Eastern U. S. This 
favorable opinion of the applicability of the USLE to rangelands is not shared 
by all researchers (Trieste and Gifford, 1980) . 

The variability between observed soil loss and soil loss estimates with 
the USLE may be greater than desired. Part of the variability must be attri- 
buted to the data themselves. Soil loss from a carefully prepared plot may 
sometimes be as much as twice that from an adjacent identical plot for a 
specific storm. Such natural variability in the data emphasizes the need for 
well planned experiments having adequate replications. 

Major relationships in the USLE follow well established trends, even 
though the adequacy of certain USLE features like lumping rill and interrill 
erosion and sediment transport may be argued. For example, erosion generally 
decreases as ground cover increases. Tlie USLE reflects this general trend 
although it may be significantly in error for a specific site. New knowledge 
of erosion processes, better experimental techniques, and better ways of con- 
sidering natural variability in the field must be developed for major improve- 
ments in either predictions for average annual soil loss or for soil loss from 
specific storms. 

The USLE does not apply to all erosion and sedimentation processes that 
may be important on rangeland. For example, gully and wind <?rasion may be 
serious on some rangeland, but the USLE does not apply to these processes. 
Wischmeier (1976) identified several other limitations of the USLE. 
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NEW DEVELOPMENTS 


New research is continually improving the factors for the USLE and 
extending it to new applications. Consequently, guideline manuals like Agri- 
culture Handbook No. 537 (Wischmeier and Smith, 1978) soon become out-dated 
and may not contain all the information currently being used by agencies like 
the Soil Conservation Service, Forest Service, and Bureau of Land Management. 
Much of the research on the USLE is conducted by the Science and Education 
Administration -Agricultural Research (SEA-AR) of USDA. A partial list is 
given below of the SEA-AR reseachers most active in USLE research. Additional 
SEA-AR scientists are also conducting related research on erosion control 
measures, basic erosion mechanics, and new prediction techniques. 

1. Cover and management factors for crops in the Corn Belt; W. C. Mol- 
denhauer, Lafayette, IN and J. M. Laflen, Ames, lA. 

2. Application of the USLE to crops and flat slopes in the Mississippi 
Delta; C. K, Mutchler, Oxford, MS. 

3. Application of the USLE to surface mines; J. V. Bonta, Coshocton, OH. 

4. Cover and management factors for disturbed forest lands: G. R. Foster, 

Lafayette, IN. 

5. Deposition behind terraces and small impoundments; J. M. Laflen, Ames, lA 
and G. R. Foster, Lafayette, IN. 

6. Application of the USLE to the Palouse Region: D. K. McCool, Pullman, WA. 

7. Application of the USLE to rangelands; K. G. Renard, Tucson, AZ and C. W. 
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BLM'S INTEREST IN ESTIMATING EROSION AND SEDIMENT YIELD ON RANGELANDS 


J. C. Chugg, soil scientist!-/ 
C* J. Lovely, hydrologisti/ 


The Bureau of Land Management (BLM) administers approximately 170 
million acres of rangelands in the eleven western states, not counting 
Alaska. Concern over accelerated erosion and deteriorated range and water- 
shed conditions on public lands, now administered by the BLM, goes back at 
least to 1934 with the passage of the Taylor Grazing Act. 

The Act’s purpose was "To stop injury to the public grazing lands by 
preventing overgrazing and soil deterioration, ..." The Act, still in 
effect today, also authorized the Secretary of the Interior to continue the 
study of erosion and flood control. Forty-four years later in 1978, the 
Public Rangelands Improvement Act (PRIA) was passed with the purpose of 
improving range conditions. Within this Act it states: 

"The Congress finds and declares that: 

1) vast segments of the public rangelands are producing less than 
their potential for livestock, wildlife habitat, recreation, for- 
age, and water and soil conservation benefits, and for that rea- 
son are in unsatisfactory condition; 

2 ) . . . . 

3) unsatisfactory conditions on public rangelands present a high 
risk of soil loss, desertification, . . . contribute signifi- 
cantly to unacceptable levels of siltation and salinity in major 
western watersheds . . ." 

Congress, therefore in 1978 established and reaffirmed a national policy 
and commitment to Inventory and identify current conditions and trends of 
public rangelands as required by the Federal Land Policy and Management Act 
of 1976. These inventories are to be kept current on a regular basis to 
reflect changes In range conditions. 


1^/Dlvlslon of Rangeland Management, Bureau of Land Management, 
Department of Interior, Washington, D.C. 20240. 
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These laws and policies established by Congress from 1934 all the way up 
to the current year’s appropriations bill necessitates that the BLM inventory 
and monitor rangeland conditions and trends. In order to do this, we must be 
able to : 

1) access current erosion conditions and trends; 

2) quantitatively determine current erosion and sedimenta ton rates; 

3) predict future rates based on various proposed management schemes, 
primarily implementation of grazing systems; 

4) monitor erosion and watershed conditions to detect changes over 
time related to management activities; 

5) we must also be able to differentiate between accelerated and 
natural (geologic) erosion in order to identify where to focus our 
management efforts and allow us to set practical management goals. 

We currently have a third order soil inventory program in progress which 
is scheduled to be completed on all public lands by 1990. The new 
administration will likely cut back our ability to meet this goal and we may 
have to settle for a fourth order survey on some areas and possibly no survey 
on others. 

The present soil survey program is part of the Bureau’s Soil, Vegetation 
Inventory Method. These inventories, as presently being conducted, do not 
provide us with all the specific information necessary to quantitatively 
determine current and predict future erosion and sediment rates. The Bureau 
has an existing inventory procedure which qualitatively assesses current 
erosion conditions, Soil Surface Factor (SSF)- 

We are In the process of evaluating SSF and putting together infortnation 
on other methods such as USLE and PSIAC which could be used to Inventory and 
monitor erosion and sedimentation from western rangelands administered by the 
BLM. 


The Bureau’s field watershed specialists should be using the best 
available methods for their situation and locality. In order to do so the 
principles, procedures, capabilities, and limitations of these methods must 
be clearly and fully understood by the field specialist. 

It should be obvious, now, why we are supporting attending and deeply 
interested in this workshop on Estimating Erosion and Sediment from 
Rangelands . 

We encourage the participants of this conference to have a highly 
productive week. 

Please keep in mind that the BLM, one of the biggest user groups for the 
practical application of erosion and sediment estimation procedures on 
rangelands, is continuously making management decisions on the 170 million 
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acres of rangelands it administers* These decisions are and will continue to 
be made and implemented on the best available information at the time, with 
or without, a sound technical analysis of erosion and sediment conditions. 

The BLM needs positive recommendations on the best and most practical 
methods available to answer today^s questions, which we fully anticipate will 
be among the accorapllshments of this workshop. 
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USE OF EROSION MODELS ON t^ESTERN RANGELANDS 
Karl A. Gebhardt, BLM hydrologist!/ 

BACKGROUND 

Soil loss and sediment yield equations have received greater use on western 
rangelands in recent years largely because of the emphasis on quantitative impact 
analysis. This paper emphasizes the use of soil loss equations but most of the 
discussion can be applied to all types of erosion equations. The principle in- 
crease in the Bureau of Land Management's (BLM) use of the soil loss equations 
is due to the grazing environmental impact statement (EIS) . Court action has 
required the BLM to place increased emphasis on quantification requirements for 
assessing impacts. The BLM, when dealing with watershed impacts, has inter- 
preted the requirements as meaning numerical descriptions of soil loss. The 
available soil loss equations (Universal Soil Loss Equation, Musgrave) have been 
used in many EIS's to estimate existing soil loss and to predict soil loss due 
to changes in vegetative cover. The final product in many grazing EIS's ap- 
peared as shown in Table 1. 


TABLE 1. TYPICAL SOIL LOSS PRESENTATION IN THE EIS 


GRAZING 

ALLOTMENT 

ANNUAL 

PRESENT 

SOIL LOSS (TONS/ ACRE) 

ALTERNATIVE A* 

ALTERNATIVE B* 

Jones Mountain 

1.12 

0.78 

1.75 

Red Creek 

3.25 

0.51 

4.31 

Sheep Dip 

2.96 

2.57 

3.05 


^ALTERNATIVE A could represent a "no grazing" proposal. 

^ALTERNATIVE B could represent a "maximum grazing" proposal. 

Early authors of the EIS failed to explain the limitations of the reported 
soil loss values. This resulted dn some managers placing too much validity on 
the estimates. In a few cases the manager selected one alternative over another 
because the analysis showed a lower soil loss value with that alternative. 
However, differences in soil loss estimates were too small to be considered 
significant. 


—'^Idaho State Office, USDI, Bureau of Land Management, Box 042, Federal 
Building, 550 W. Fort St., Boise, Idaho 83724 
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Later efforts utilized the Modified Universal Soil Loss Equation, Williams 
and Berndt (1972) , where Hekntan and Fogel (1979) applied stochastic event-based 
precipitation records for predicting sediment yield as a function of runoffs 
The model was developed for the BLM expressly for the assessment of hydrologic 
impacts of grazing management programs. 

The BLM^s Boise District in Idaho recently completed the Owyhee Grazing 
EIS, BLM (1980) where the Musgrave (1947) soil loss equation was used in the 
impact analysis. Soil loss information was compiled by soil mapping unit then 
combined to represent soil loss on a grazing allotment basis. (The grazing 
allotment is a combination of pastures that compose the basic unit for grazing 
administration). Included in the data presentation were estimates of present 
soil loss rates and predicted rates for six alternative management schemes. In 
addition, estimates were made to represent soil loss under the best and worst 
vegetation conditions possible. Table 2 is a sample of data presented in the 
Owyhee EIS, The format shown allows a manager to compare various management 
schemes with the existing situation and sets them in perspective with endpoints 
given by the best and worst conditions. 


TABLE 2, SOIL LOSS TABLE FROM OWYHEE GRAZING EIS, BLM, (1980) 



Present 

and Projected Annual Erosion Rates 

JL ^ 


Excellent 



Worst Possible 


Condition 


Alternative* 

Condition 

Allotment 

Best Possible 

Present 

Proposed 

No. Plant or 

No. 

Cover 

Condition 

Action 1234 

5 Litter 


ton/acre/year ton/acre/year ton/acre/year 


450 

0.65 

0.85 

24 

22 

12 

24 

24 

22 

2.58 

500 

0.32 

0.45 

8 

19 

0 

12 

5 

0 

1.12 

501 

1.86 

2.41 

7 

19 

0 

12 

5 

0 

3.88 

502 

1.72 

2.21 

0 

19 

7 

12 

0 

-12 

4.24 

503 

0.69 

1.01 

7 

19 

12 

12 

5 

0 

3.81 

505 

1.49 

1.89 

12 

19 

21 

21 

10 

21 

8.48 

506 

0.84 

1.19 

7 

19 

0 

12 

5 

0 

5.20 

507 

1.18 

1.57 

7 

17 

0 

12 

5 

0 

6.81 

508 

0.99 

1.32 

12 

19 

7 

22 

10 

12 

4.14 

509 

1.38 

1.70 

12 

18 

18 

18 

10 

18 

8.35 

513 

0.42 

0.62 

0 

21 

0 

13 

0 

0 

1.48 

514 

0.42 

0.50 

0 

17 

0 

12 

0 

0 

1,70 

515 

1.48 

1.87 

7 

18 

12 

12 

7 

22 

7.77 


^'^Shown as percent change from present condition 

Other BLM applications of soil loss equations to date have included eval- 
uation of land treatment activities, road construction, mining and construction 
dlsturbance and off-road vehicle use. The most useful applications of erosion 
equations are in determining future land uses, assessing present use and evalu” 
ating corrective strategies. Unfortunately, misuse and overextension of the 
equations in some instances have presented management with a false sense of se- 
curity, The technical specialist must convey the limitations of erosion data, 
and management must become more knowledgeable of the erosional processes. This 
would greatly increase the credibility of many management decisions. 


40 


limitations 


Limitations of the soil loss estimates should be explained to avoid misuse 
in application. Some basic limitations can be derived from a thorough under- 
standing of the equations' development and evolution. "Predicting Rainfall 
Erosion Losses" Wischmeier and Smith, (1978) provides some good overview of 
soil loss equation history. Experimental designs and methodologies used to 
arrive at and evaluate other equations can be found in their respective origin- 
al publications. 

Wischmeier and Smith (1978) present a number of basic limitations. For 
example, USLE estimates are generally most accurate with slope lengths of less 
than 400 feet and slopes from 3 to 18 percent having consistent cropping and 
management systems. Since the USLE is empirically derived, these limitations 
obviously do not favor wide application to rangelands without extensive field 
validation. Rangeland limitations of soil loss equations can be quite exten- 
sive, For example, many soil loss equations were developed for use on crop- 
lands which usually have homogenous soil characteristics, adequate precipitation 
data, gentle-regular slopes, consistent vegetative cover and tillage practices. 
Conversely, rangelands seldom have any of the above characteristics which com- 
plicates the rangeland soil loss estimate. 

Each factor in the USLE or any other equation should be carefully studied 
as to its origin. For example, the cover and management (C) factor for the 
USLE was derived for use on rangelands baaed on extensions of the cropland 
cover factor. The rangeland "C" factor was not developed from extensive soil 
loss measurements as was the cropland cover factor, Wischmeier and Smith (1978) 
discuss the "C" factor as being dependent on three zones of surface influence: 
(1) vegetative cover in direct contact with the soil surface; (2) canopy cover 
and (3) residual and tillage effects. Figure 1 represents the effects of the 
canopy cover, ground cover, and condition of cover on the USLE cover factor for 
a typical brush rangeland extrapolated from Table 10 in Wischmeier and Smith 
(1978) . The figure indicates that a relatively small change In percent ground 
cover can cause a large change in the cover factor. For example, a 10 percent 
change in the ground cover can result in a 15 to 30 percent change In the cover 
factor. Assuming all other factors in the USLE remain constant, this would 
result in a 15 to 30 percent change in the soil loss estimate. 

The next obvious limitation of the cover factors' use is the validity of 
ground cover estimates. The BLM probably collects as much rangeland vegetation 
data as any group In the United States. The data is collected on a "range- 
site" basis in order to reduce the number of samples required. The range-site 
technique stratifies similar vegetation-soil complexes and provides information 
related to plant community structure, ecological potential, ecological condition, 
etc. Among the data collected are the basal cover values and three levels of 
canopy. There is no compiled information on cover variation within range sites 
but conservative guesses would place the variation in the 10-plus percent range. 
This indicates that for a given piece of public land with existing vegetation 
data, soil loss estimates can be expected to have a variation of at least 15 
to 30 percent over similar range sites in the same ecological condition. This 
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indicates the USLE and the equations may be well-^suited for use in comparative 
analysis j however, use of the estimates as absolute values must be done cautious-' 
ly, Wischmeier and Smith (1978) state that: "Soil losses computed with the USLE 
are best available estimates, not absolutes". 



FIGURE 1. USLE "C" FACTOR FOR TYPICAL RANGELANDS ADAPTED FROM 
WISCHMEIER AND SMITH (1978) TABLE 10 

Another limitation entering into the "C" factor dilemma is the prediction 
of future vegetative cover. Presently there is no widely used methodology that 
relates use, climate and other conditions to vegetative cover response. Unpub- 
lished data from the Reynolds Creek Experimental Watershed (Northwest Watershed 
Research Center) allows some comparison of cover values at varying range sites 
and under high, moderate and low grazing levels. Vegetative cover changes In 
excess of 10 percent were uncommon In the Experimental Watershed’s data. This 
indicates that for range sites similar to Reynolds Creek, under reasonable graz- 
ing intensities, cover changes probably will not be greater than 10 percent. 

This transforms into a maximum USLE predicted soil loss change of 15 to 40 
percent. 


The value of the Reynolds Creek data and its application in southwestern 
Idaho became apparent to BLM specialists when they were requested to predict 
future vegetative cover changes. By no means did the data give some magical 
formula for predicting vegetative cover changes, but it did set some reasonable 
limits as to what to expect. Others intending to use soil loss estimates for 
predictive applications should place a great deal of effort in "C" factor selec- 
tion and should try to support their conclusions with some field data. 
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Another problem includes using an erosion model on an area whose erosional 
processes are not within the design limitation of the equation. Examples can be 
seen where rainfall erosion equations were utilized to assess erosion in areas 
where rainfall erosion was uncommon. Misunderstanding of erosional process 
criteria in any model can lead to grossly incorrect conclusions. 

A brief word on definitions is appropriate here. Articles on erosion are 
Increasing and with them is the misuse of terminology. The processes are complex 
enough without having to wade through an author’s paper thinking he was describ- 
ing sediment yield when in fact he was estimating soil loss. Most textbooks plus 
USGS and USDA publications have few conflicts in terminology and should be used 
for reference definitions. 

Finally j those presenting soil loss data should include information on how 
accurate the estimates are. This would minimize the misinterpretation of soil 
loss data. It is the responsibility of the technical specialist to insure cor- 
rect use and interpretation of erosion data, 

MANAGEABLE CHARACTERISTICS 

A manageable characteristic is a factor that can be affected by management 
actions. In the USLE, the "C" (cover and management) and ’’P” (support practice) 
factors are the only two parameters of the equation that can be significantly 
affected by management. In the Musgrave equation, the ’’R’’ factor (cover) is 
considered the only manageable characteristic. In the Pacific Interagency Com- 
mittee Procedure (1968) for estimating sediment yields, the ground cover and land 
use factors are the primary manageable characteristics. 

A draft U.S, Forest Service procedure for predicting sediment yield Cline 
et al. (1980) utilizes estimates of natural sediment yields, sediment from 
management-induced surface erosion and sediment from management-induced mass 
erosion. This procedure places emphasis on manageable characteristics to a large 
degree. Similar systems appear in the USDA-Forest Service (1980) document, "An 
Approach to Water Resources Evaluation of Non-point Silvicultural Sources 
(WRENSS) the USGS circular, "A Synoptic Approach for Analyzing Erosion as a 
Guide to Land-use Planning," Brown et al, (1979), and "Oregon’s Procedure for 
Assessing the Impacts of Land Management Activities on Erosion-related Non-point 
Source Problems," Rickert et al, (1978). The latter two references are semi- 
quantitative but provide an excellent procedure for assessing manageable charac- 
teristics and erosional problems. 

The importance of the manageable characteristics lies in the ability to 
estimate erosion responses to management treatment. Table 3 shows how the USLE 
or Musgrave soil loss estimates can be used to help a manager understand poten- 
tial effects of manageable characteristics. Table 3 gives the relative endpoints 
and the expected results of the various alternatives* In addition, it 
alerts the manager to what the relative erosion sensitivity of each allotment is. 
For example, allotment 505 could have extremely high soil loss rates if improper 
management is applied, while allotment 500 is somewhat buffered to the effects 
of management actions. More effort is needed to develop presentation techniques 
that enable the manager to effectively utilize erosion information. 
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TAJBIE 3. SOIL LOSS DISPLAYED GRAPHICALLY 


Allotment: Estimated Soil Loss, ton/acre/year* 

No . : Q 1 23456789 



^irpir indicates present condition. Endpoints represent best and worst conditions 
possible. Data from BLM (1980). 

APPLICATION 

Application of available erosion methodologies must be geared toward solv— 
ing problems associated with resource use. In order to arrive at an applied 
endpoint, the erosional processes need to be linked to problem identification, 
problem solutions and resulting resource use. For example, a typical problem 
could be stated as: What type of grazing management schemes can be implemented 
in order to maximize forage utilization without seriously affecting the soil and 
aquatic resource? The complexity of the question is great. Livestock grazing 
will affect the upland watershed causing changes in rates of soil loss. Impacts 
upon the stream environment can include the upland effects combined with the 
direct livestock use of the stream, its channel and adjacent vegetation. Upland 
effects, channel damage, removal of protective streamside habitat all will be 
important considerations in assessing effects upon the aquatic resource. It is 
extremely evident that erosion researchers must direct their work towards meet-- 
ing the needs of those resources most affected by erosion. 
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Another example of needed application is soil loss tolerance* Agriculture 
research has identified this need in the past and has designed methods by which 
soil loss can be linked to productivity* This type of effort is needed for the 
rangelands to enable the assessment of long-term use and productivity* Simanton 
et al. (1980) has identified the need for considerable investigation into the 
hydrology-erosion-biotic relationship, which this author hoped to reiterate in 
this paper. 


SUMMARY 

Although erosion research is going in the right direction, more interchange 
is required between the researchers and those needing to use the research to 
solve management problems* More work is needed to include limitations of the 
data presented. Data presentation requires Ingenuity to make erosional data 
meaningful and understandable. Those somewhat familiar with erosional processes 
must be careful not to abuse or misuse erosional models for application purposes, 
Those specialists dealing with research ^ development and application must look 
beyond their individual niche and consider the whole picture of erosional pro- 
cesses and their implications to various resource values. The erosion model must 
be designed for the needed application and be sensitive to changes in manageable 
characteristics . 
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STATUS REPORT ON THE USE OF THE UNIVERSAL SOIL 
LOSS EQUATION BY THE 
BUREAU OF LAND MANAGEMENT 

Richard J. Page, BLM Natural Resource Specialist—^ 

In accordance with legislative mandates, it is Bureau policy "to 
manage efficiently the basic resources of the public rangelands to 
improve and maintain their productive capability" USDI-BLM (1979). 
Controlling soil loss is an integral part of this management policy. 

At present, soil erosion on Bureau administered lands is characterized 
through the Soil Surface Factor (SSF). The SSF places individual sites 
into erosion condition classes but does not provide a quantitative 
estimate of soil loss. No Bureau policy exists, as yet, on the use of 
the Universal Soil Loss Equation (USLE). Nevertheless, many Bureau 
personnel are using the USLE to predict soil loss resulting from site 
specific activities such as pipeline construction, mineral exploration, 
and mining. In these situations, conditions before and after the proposed 
actions can be compared. While there may be some dispute over the 
absolute values obtained with the USLE, the relative magnitude of soil 
loss provides a valuable comparison. 

Plans are underway in the Susanville, California District to use 
the USLE in an expanded rangeland monitoring program. Changes in ground 
cover and corresponding changes in predicted soil loss will be used to 
assess trend in rangeland condition. Actual soil losses from three 
small watersheds (approximately 1,000 acres ea.) within the monitoring 
area will be measured for comparison with the predicted values. 

In certain cases, the USLE estimates appear to be less useful. 

Soil loss from logging actions (skid roads, ditches, and cut slopes, 
etc.) in the Western Oregon forests is not easily evaluated with the 
USLE. Additional problems exist in determining soil loss from broad 
landscape areas. Existing soil information on Bureau lands is often 
inadequate to determine the necessary USLE parameters. 

Our experience with USLE in the BLM has shown that slope lengths 
are generally overestimated. Furthermore, surface rock cover needs to 
be considered along with that provided by vegetation and litter. These 
considerations appear to be especially important for ecological sites 
with shallow soils and steep slopes. In such cases, estimated soil loss 
can far exceed reasonable values. 

Last year the SCS and the BLM in Utah cooperated in a study to_ 
evaluate some of the effects of rock cover and complex slope conditions, 
Erickson (1980). 


V Utah State Office, Bureau of Land Management, U.S, Department 
of the Interior, Salt Lake City, Utah 84111 



The first study area included mainly grass cover and showed little evidence 
of past erosion. Slope varied from 11 percent to 28 percent. Soil losses 
were calculated for specific slope segments; rock fragments were incorporated 
to (a) adjust the C factor, (b) adjust the K factor, USDA-SCS (1979), and 
(c) adjust both C and K factors. 


Average soil loss estimates are as follows: 
Modification to LISLE 

- C factor adjusted for rock 

- K factor adjusted for rock 

- C and K factors adjusted for rock 


Soil Loss (T/Ac) 
.6 
1.3 

.4 


On steeper segments where only the K factor was adjusted for rock frag- 
ments, soil loss estimates were thought to be too high compared to actual 
conditions. Estimates varied from 1.6 to 3.3 T/Ac while actual losses appeared 
to be well below 1 T/Ac. Soil loss estimates were quite similar when rock 
fragments were used to adjust either cover or cover plus the K factor. 

Visually, either of these two soil loss estimates seemed reasonable. 

The second study area included sagebrush, grass, and forb cover and 
showed signs of considerable soil erosion. A 50-pace transect was run across 
the area stopping at each fifth pace to determine slope length and steepness. 

Soil loss was then calculated using (a) the average of the 10 length and 
steepness measurements, and (b) the overall slope length and steepness from 
top to bottom. Soil series and ground cover were considered to be similar 
throughout the study area; C and K factors were adjusted for rock fragments as 
indicated. 


Soil loss estimates for the second area are as follows: 
Modification to USLE Soil Loss (T/Ac) 


Average slope length and steepness with: 

- C factor adjusted for rock 4.1 

- K factor adjusted for rock 4.1 

- C and K factors adjusted for rock 3.0 
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Modification to LISLE 


Soil Loss (T/Ac) 


Overall slope length and steepness with; 

- C factor adjusted for rock 6.4 

- C factor adjusted for rock 7.7 

As evidenced, soil loss estimates were notably higher using the overall 
slope length and steepness measurements. As for rock fragments, adjustment 
of the C factor or both the C and K factors gave generally lower soil loss 
estimates regardless of the approach to slope length and steepness. 

Few definite conclusions can be drawn from a limited study such as this. 
Clearly, however, slope determinations alone can account for a wide range of 
soil loss estimates. Similarly, the inclusion of rock fragments can produce 
different results. We, in the BLM, must recognize the effects of alternate 
approaches in applying the USLE, since the results will affect our multiple 
use management decisions. 

References: 

USDI-BLM. 1979 Managing the Public Rangelands (Public Review Draft). Bureau 
of Land Management. Washington, D.C. 20240. 

Erickson, Austin J. 1980. Field Evaluation of USLE (Unpublished Notes). 

USDA-SCS 1979. WTSC Soil Survey Bulletin No. W 33-0-1 Soil Conservation 
Service. 
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THE USLE RAINFALL FACTOR FOR SOUTHWESTERN U.b. RANGELANDS 


J. R. Slmanton and K» 


G. Renard-^-'^ 


INTRODUCTION 

Air-mass thunderstorms, occurring primarily during the summer months of 
July through September, dominate the rainfali/runoff /erosion relationships in 
much of the rangeland areas of the Southwest (for high mountain ranges, snow- 
melt is significant). To estimate the erosion associated with such areas, the 
Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1978) is being used 
to reflect the climatic variability and the potential erosion due to raindrop 
impact. The air-mass thunderstorms in the region are typically highly variable 
in both time and space, of limited areal extent, and of short duration. About 
70% of the annual 11 in and 75% of the annual 12 in of precipitation occurs 
during this summer thunderstorm season in southeastern Arizona and central New 
Mexico, respectively. 

The Southwest Rangeland Watershed Research Center of USDA's Science and 
Education Administration has conducted research on several experimental water- 
sheds in Arizona and New Mexico which has Included the use of numerous record- 
ing ralngages (Fig, 1), Data from these locations are used in this paper to 
compute the rainfall erosion index (product of the kinetic energy and 30-min 
maximum intensity) to illustrate the extreme temporal and spatial variability 
of the USLE rainfall erosion index (El). Finally, a method is proposed for 
estimating the average annual rainfall erosion index (R) when data are not 
available but when the 2-yr frequency 6-hr duration precipitation can be esti- 
mated. 


Temporal Variability 

Extreme temporal variability of El on the four areas studied is found 
annually, seasonally, and within a single storm (Renard and Slmanton, 1975, 
Slmanton et ai. , 1980). Total annual El for one long-term rainfall record from 
each of four different watershed locations is plotted versus probability in 
Fig. 2. The steepness of the fitted lines indicates extreme annual variabili- 
ty. This annual El variability is even more dramatic when compared to the 
annual precipitation variability (Fig. 3). For example, the coefficient of var- 
iability (CV) for rainfall is 0.27, whereas that for El is 0,67. 

Average annual rainfall erosion index (R), the coefficient of variability 
(CV), and percent of annual El contributed by summer storms at each of the 


--^Hydrologist and Hydraulic Engineer, USDA-SEA-AR, Southwest Rangeland 
Watershed Research Center, 442 East Seventh Street, Tucson, AZ 85705. 
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gages shown in Fig, 2 are listed in Table 1. Seasonal El variability is even 
more pronounced when summer El values are plotted versus probability (Fig. 4). 
The CV for only the summer storms' El on Walnut Gulch is 0.74, whereas the CV 
is 0.67 for the annual rainfall El. Summer thunderstorms are most important in 
rangeland erosion studies. 



LOCATION OF EXPERIMENTAL WATERSHEDS 

SAFFORO, ARIZONA (LOCATION 45) 

ALBUQUERQUE, NEW MEXICO (LOCATION 47) 

WALNUT GULCH nr TOMBSTONE, ARIZONA (LOCATION 63) 

ALAMOGORDO CREEK nr SANTA ROSA, NEW MEXICO (LOCATION 64) 

-NOTE- 

LAST THREE DIGITS DENOTE RAINGA6E NUMBER 

Figure 1. — Location map of the four experimental water- 
sheds. 


A single storm can contribute a large portion of the annual rainfall ero- 
sivity. For example, the largest storm within a year was observed to account 
for 76, 74, 66, and 85Z of the annual El for the Walnut Gulch (WG), Safford, 
Alamogordo Creek (AG), and Albuquerque (Albq) locations, respectively (Fig. 5). 
The bar graphs of Fig, 5 not only illustrate the largest storm contribution to 
the annual El for each of the watershed locations but also exemplify the annual 
El variability. We found, in a study conducted on small watersheds on WG, that 
the largest storm contributed, on the average over a 7~yt period, 58!^ to the 
annual soil loss. The average contribution of the largest storm to the annual 
El for this same period was 41%. Also, as another example of the importance of 
a large storm, the maxiraijm storm El's at Safford in 1943, 1944, and 1961 were 
larger than the annual El's for the remaining 22 yr of record. Similar results 
were found at the other locations. Although the USLE is not intended to esti- 
mate soil loss on a per-storm basis, this largest storm may be the most signif- 
icant factor in annual soil loss. 
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EROSION INDEX 
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WALNUT GULCH 


45.002 
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D 

\ 

\ 


PROBABILITY 


Figure 2. — Log--normal probability of erosion index for 
iong^terin annual rainfall records from eacb 
of the studied watersheds. 


Table 1, — Average annual R factor, coefficient of 
variability, and percent summer contribution of 
four Southwestern U.5. watersheds. 


Location 


WG 

S a f f ord 
AC 

Alba. 


A ve ra ge 
annu a 1 
R 


Coefficient 

of 

variabilit y 


S umme r 
El 

Contribution 
(?o of annual) 

91 
85 
93 
90 



300 



Figure 3. --Log-normal probability of rainfall and erosion index for one 
raingage on the Walnut Gulch experimental watershed. 


Three storms were selected from the summer thunderstorm data from the WG 
and AC watersheds to illustrate the temporal El variability within a single 
storm. The storm data are plotted in dimensionless form in Fig. 6. Because El 
computation is based on maximum 30-min rainfall intensity, most of the El units 
are derived from a relatively short > high-intensity portion of the storm. 
Thus, In thunderstorm dominated precipitation areas, such as the rangelands of 
Arizona and New Mexico, records from recording rain gages with depths for short 
time intervals must be used to compute storm El. Standard rain gage data or 
hourly precipitation values may greatly underestimate El. However, these are 
the type of data most widely available in the southwestern United States. Of 
the 280 reporting weather stations in Arizona, only 12% use recording gages, 
and data from these are generally available for only hourly depths. If these 
recording gages were evenly spaced throughout the state, each gage would repre- 
sent the rainfall pattern of 3500 mi^, Osborn et al. (1972) reported that to 
describe the rainfall patterns of the 58-mi^ Walnut Gulch Watershed, 1000 
gages would be needed to have a correlation of 0.9 between adjacent gages. 


Total rainfall and El from one raingage at each of the four watersheds 
were correlated to determine the feasibility of \ising a total rainfall term 
Instead of energy-related rainfall factor in the USLE (Table 2). The results 
of this analysis are not encouraging. Wischmeier and Smith (1958) reported the 
correlation coefficient increased from 0.68 to 0.82 when they used El rather 
than total rainfall for correlation with erosion data on a Shelby soil. 
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Figure 5» — Annual erosion index, largest storm-erosion 
index, and percent contribution of the lar- 
gest storm to the annual erosion index (val- 
ues in bars represent percent of annual con- 
tributed by largest storm). 


Spatial Variability 

Spatial variability of El associated with thunderstorm rainfall can be 
illustrated using isoerodent maps for individual storms and years. The dense 
ralngage networks of the WG and AC watersheds were used to produce the maps 
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showa in FigurtiS 7, 8, 9, and 10. The July 22, 1964 storm on WG lasted less 
than an hour with almost 1*8 in of rain falling in 20 min at the storm center. 
The storm El decreases from 100 near the storm center to about 30 in a radius 
of about 2 mi. Results are similar for most tiiunders terms at this location. 

The isoerodent map for the June 16, 1966 storm on the AC watershed iilu- 
strates single storm El for one of the largest events recorded at this loca- 
tion. The storm lasted slightly over 2 hr and produced almost 3 in of rainfall 
in 30 min at the storm center. The El varied widely with almost 260 units at 
the storm center to only 10 units 4 mi away. 

Such spatial variability from individual storms leads to the expectation 
of extreme annual variability. Figures 9 and 10 illustrate the annual varia- 
bility for WG and AC for the same years used to Illustrate Individual storm 
variability (1964 and 1966). In general, highs and lows of both precipitation 
and El agreed for both areas, although El unit per unit of rainfall differed. 
At the lowest annual rainfall depth on WG there were 3 El units per in of 



Figure 6.— Comparison of dimensionless preclpiLation and rain- 
fall-erosion Index for three select storms on Walnut 
Gulch C63.052) and Alamogordo Creek (64.008 and 
64.061) (From Renard and Simanton, 1975). 
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precipitation, whereas AC had 6 El units per in ot precipitation* For the max- 
imum annual rainfall depth there were 15 EL units per in rainfall on WG and 21 
on AC* This points out that the record from a single gage yields a value for 
that point only and the results should not be extrapolated more than about a 
mile to estimate the erosion from a storm or for an individual year* For ero- 
sion studies being conducted on small watersheds In the Southwest, it is recom- 
mended that a recording raingage be located within 0.3 mi (Osborn et ai. , 
1979). 


Frequency Analysis 

Analysis of southeastern Arizona rainfall data has shown that a log-normal 
distribution generally fits the data quite well (Reich and Renard 1981). The 
same has been observed for the rainfall El* The 2-yr El (50% probability) of 

rainfall (inch«t) 




0 I i I 
KALI IN Mill 


Figure 7. — laobyetal and iBoerodent maps for the 
July 22, 1964 storm on the Walnut 

Gulch experimental watershed. 
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the four watersheds are listed in Table 3* Included in this table are estima- 
ted 2 yr El values using various prediction equations and NOAA Atlas II (Miller 
et al* 1973) estimates of 2-yr 6-hr rainfall. Figure ii shows, graphically, 
the predicted El of the three equations given the 2-yr 6-hr rainfaii. 


Table 3. Actual and predicted average annual El values using NOAA Atlas II 
rainfall values and three El prediction equations. 


LocatiTi^ 

Rainfall (in) 

Actual 

2-yr EI* 

Predicted, y 
EI 

Predicted-/ 

EI 

Predicted,/ 

EI 







(63.002) 

1.4 

54 

57 

57 

47 

(63.022) 

1 .5 

58 

66 

66 

53 

(63.0ii2) 

1 . 3 

56 

66 

66 

53 

( 63.060) 

1.6 

64 

76 

76 

58 

Saf f ord 
•RTTinil) 

1 .2 

30 

40 

41 

37 

(45.005) 

t .3 

38 

48 

48 

42 

(45.009) 

1 .3 

39 

48 

40 

42 

(45.014) 

1 .4 

48 

57 

57 

47 

AC 






(64.026) 

T .a 

60 

90 

98 

71 

(64.037) 

1 .8 

70 

98 

98 

71 

(64.067) 

T .9 

76 

111 

110 

77 

(64.078) 

1 .a 

68 

98 

98 

71 

Albq. 

{4T7TO5') 

1 .0 

25 

27 

27 

27 

»EI 

hundreds ft. tonsf 

rn from 50?o 

p robabi lit y 

from Figure 2 

and similar 

acre hr yr 

figures . 


lAi 

= 27(P^)2'2 = 2 yr 

-6 hr rainfall in inches 

(Ateshian 1974). 


= 27 . 3 a ( ^ ^ (Wischmeaer 1 974) 

• 



2/ti 

- ?7 7'5(P^)^*62 from 

log-log fit 

of 2-yr 6-hr 

rainfall and 

actual 2-yr 


® EI. 





The 

predicted EI values 

of the first two equations are in 

considerable 

error. 

However, the predicted EI values, 

using the regionally developed equa- 


tion. are very close to the actual El values. The third equation (El = 27.23 
was developed using NOAA Atlas II 2-yr 6-hr rainfaii values and actu- 
al El values for four widely-spaced ralngages on each of the WG, AC, and Saf- 


ford watersheds and one recording raingage on the Albuquerque watershed. This 
regionally developed equation is essentially an equation that represents a 
thunderstorm-dominated rainfall input and, perhaps, could be extended to other 
areas where thunderstorms dominate the rainfaii input. 


SUMMARY 

Estimating the rainfall eroslvlty factor for rangelands of the southwestern 
United States is very difficult because of the thunderstorm dominated hydrolo- 
gy. The El values vary tremendously, both in time and space, and, on an annual 
basis, can be dominated by just one storm. Rainfall records from a single 

recording raingage can be used to estimate the El only for the area within 0.3 
mi radius of that point. Because El computation Is based on maximum 30-min 
rainfaii intensity, most of the El units are derived from the relatively short, 
high-intensity portion of the thunderstorm. Thus, in thunderstorm dominated 

ainfaii areas such as Arizona and New Mexico, recording raiiigages with depths 
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Figure — leohyetal and iaoerodent maps for the 1964 

annual totals on the Walnut Gulch experiment^ 
al watershed* 


KEFEREINCES 


Ateshlan, J* K. H* 

1974. Estimation of rainfall erosion index. J. Irrig. and Drain. Div. , ASCE 
100(IR3) :293-307. 

Miller, J. F. , Frederick, R. H. , and Tracey, R. J. 

1973. Precipitation frequency atlas of the western United States. IV: New 
Mexico, and VIII: AZ. NOAA Atlas 2, National Weather Service. NOAA, Sil^ 
ver Spring, MD. 

Osborn, H. B. , Lane, L. J., and Hundley, J. F. 

1972. Optimum gaging of thunderstorm rainfall in southeastern Arizona. Water 
Res. Research, AGU 8(1) :259-265. 

Osborn, H. B. , Renard, K. G. , and Simanton, J. R. 

1979. Dense networks to measure convective rainfall in the southwestern 
United States. Water Resources Research 15(6) : 1701^1711. 


60 



RAINFALL (mchet) 



►00 — 


Figure 10# — Isohyetai and isoerodent mapB for the 
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SPECIAL PROBLEMS OF THE USLE: SOIL ERODIBILITY (K) 

John M. Lafleni-^ 


INTRODUCTION 

The erodlbility of a soil is a quantitative measure of its susceptibility 
to erosion. According to the recent CREAMS document (Knisel, 1980), the 
quality of the estimate for a soil erodibility value (K) is "good, based on 
extensive plot data." Wischmeier and Smith (1978) define K as the rate of soil 
loss per erosion index unit (8) ns measured on a "unit" plot. A unit plot is 
72.6 feet long, has a slope of 9 percent, and is maintained in continuous fal- 
low, tilled up-and-down slope. Continuous fallow is land that has been tilled 
and kept free of vegetation for more than two years. During the period in 
which K values are determined, the plot is plowed and tilled to a conventional 
corn seedbed condition each spring and is tilled as needed to prevent vegeta- 
tive growth and severe surface crusting (Wischmeier and Smith, 1978) . Units 
for K most commonly used have been the ratio of soil loss in tons/acre to El/lOO 
in ft X t/acre x in/hr. These units will be used In this paper. 

Soil erodibility had been discussed and quantified for some period before 
the Universal Soil Loss Equation (USLE) was developed. It was not until the 
rainfall factor (R) (Wischmeier and Smith, 1958) was isolated that the erodi- 
bility of soils in different climatic regions could be compared. Originally, 
we accepted the concept that the erodibility of a soil was independent of other 
factors involved in the erosion process. Present knowledge about the erosion 
processes of detachment and transport indicates that this concept is not entire- 
ly valid but, from a prediction standpoint, may serve a functional purpose. As 
our ability to model soil erosion Improves, we will express a soil's erodibility 
in a more complex but complete fashion. 

In this paper, I intend to review the source of our present K-values and 
how they have been experimentally determined. Then I will examine some inde- 
pendent evaluations of K-values from natural runoff and rainfall simulation 
studies . 


j^/John M. Laflen is an Agricultural Engineer with the Science and Education 
Administration, U.S. Department of Agriculture, Ames, Iowa. This article is a 
contribution from SEA, USDA and Iowa State University. Journal Paper J-10268 
of the Iowa Agriculture and Home Economics Experiment Station, Ames. Project 
2450. 
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PUBLISHED K-" VALUES 


Wischmeier and Smith (1965, 1978) published a set of K*-'Valuefc> for soils on 
erosion-research stations (Table 1)* For the 23 values given, 22 are from the 
study by Olson and Wischmeier (1963). The other soil erodibility value (Hagers- 
tom soil) is from a fallow plot, but the data x^ere unpublished. 

As shown in Table 1, K-values for 8 soils on fallow plots had periods of 
record ranging from 3 to 10 years. Interestingly enough, the longest record 
was for a Shelby soil, and the benchmark K-*value is not from the fallow plot 
but, rather, from a cropped plot. This could be because of unrealistically 
large K-values or questionable measurements. The average period of record for 
the fallox^? plots xi?as slightly less than 7 years. Plot slopes ranged from 5 to 
18 percent; none were on a 9-percent slope. In all cases, except for the Cecil 
soil in South Carolina, plot lengths were 72.6 feet long. K-values were com- 
puted for the fallow plots by adjusting soil loss to unit plot values by using 
the standard length-slope adjustment for the USLE, then forming the ratio of 
soil loss to the rainfall factor. 

The K-values for cropped plots given by Olson and Wischmeier (1963) also 
are shown in Table 1, These were computed from data collected during the crop- 
stage periods 1-3 defined by Wischmeier and Smith (1965) . The data were 
adjusted on the basis of C— values for each crop period given by Wischmeier 
(I960), contouring factors, and length-slope factors. Only data from plots 
with intertilled crops that had been turnplowed or spaded were used* R-values 
were computed for each cropping period. For each contoured plot, in order to 
adjust for add! tional surface storage due to tilling across slope on a narrow 
plot, a critical R-value was established that was the average of R-values for 
yearly minimum storms that caused soil loss and yearly maximum storms that did 
not cause soil loss. If a storm did not exceed this critical value, the R was 
not included, and the R for storms with an R greater than the critical value 
was reduced by the critical value. Once the data were adjusted, K-values were 
computed as for the fallow plots. 


Direct comparisons of K-values from the fallow plots with those from 
cropped plots were possible on 5 soils. On 3 soils, K-values were quite similar. 
while, on the other two soils, K-values differed by 0.10 and 0.12. 


and Mannering (1969) related soil erodibility to soil properties 
ng data collected from a rainfall simulation study on 55 Corn Belt soils. 

values predicted by their multiple-regression equation 
Sm ^^tablished for 11 soils. These comparisons are given in 

"beichmark”°LS/° Previously established K-values are amlng the 


The rainfall simulation procedures of Wischmeier and Mannering were to 

SS 24 hr later to apply 

30 min storms (storms 2 and 3) separated by about 15 minutes, all at an 

2? 30 min of rainfall was 

/o. ihe storms, when combined appropriately, gave runoff and soil loss data 
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Table 1. Published soil er edibility values 
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Cecil scl at Statesville, NC, while Wischmexer et al. refer to a Cecil si at Statesville, NC 
Lexington sicl while Wxschmeier et al- refer to a Lexington sil 


Plots were 13 ft wide by 35 ft long* Plots, for the most part, had been 
in rowcrop the three years preceding the tests. Vegetation was clipped close 
to the surface in the spring and removed before spring plowing and disking. 

Plots received two additional diskings in late June, and then, two more just 
before the tests. There were two replicates. 

Regression equations were derived that accounted for more than 95 percent 
of the variance in soil loss from the 110 plots (55 soils, 2 plots each) for 
each storm size. It is not clear what variables were used in these regression 
equations. Once derived, the equations were solved for soil loss for unit plot 
conditions by using expected average values of time-dependent variables for each 
plot. This then was the adjustment of measured soil loss values to a unit fal'- 
low plot value, for each storm. 

With the adjusted data, there were four points for a soil loss/R linear 
relationship. The slope of this linear relationship was the K-value for that 
soil. Wischmeier and Mannering (1969) then used the derived K-values to relate 
K to a number of soil properties. The values predicted by the multiple- 
regression equation afe shown in Table 1. 

Wischmeier et al. (1971) presented a soil erodibility nomograph. Data for 
the nomograph, except for 4 soils, while not explicitly stated, come from the 
study by Wischmeier and Mannering (1969). The soil loss data from the study by 
Wischmeier and Mannering (1969) were adjusted to unit plot conditions by 
generally accepted relationships (I take this to mean those in Agric. Handb. 

282, Wischmeier and Smith, 1965). To place observed K^s more nearly on an 
annual basis, average soil losses/El were computed for a series of 

13 — storm 1 (one-hr storm), 

4 — storm 2 (30-inin storm), and 
3 — storm 2 + storm 3 (two 30-min storms). 

■^he justification for this procedure was that K, under natural conditions, is 
1 average value for annual rainfall patterns that includes an appreciable range 
storm sizes and antecedent moisture conditions. Barnett et al. (1965) also 
ed a storm weighting procedure to approximate average annual natural storm 
‘suits, but it was different than that of Wischmeier et al. (1971). Most re- 
aarchers have tried to weight storms so that the annual natural storms for 
heir conditions are represented by the weighting procedure. 


Independent Evaluations of K 

There are only a few instances in which K-values, independently of those 
’eported by Olson and Wischmeier (1963), have been determined for fallow plots 
y using natural rainfall. The results of one such independent evaluation, for 
our different soils in the western Corn Belt, are shown In Table 2. In 
able 3 are shown K-values from these soils computed several different ways. 

As shown in Table 2, annual soil erodibility values vary widely. For two 
f the four locations, standard deviations are about equal to the mean. 
>n£idence intervals of the mean soil erodibility values are quite large for 
lese two soils. For the other two soils, the confidence intervals are much 
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Table 2. Soil erodibility values for several plots and years for several soils in the western Corn Belt 
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3/ Rainfall 



smaller, but still appreciable. Apparently, the record period should be quite 
long for accurate estimates of a soil^s erodlbility, at least in the western 
Corn Belt, 

The hypothesis that the soil erodibility value is independent of R was 
evaluated by using linear regressions of soil erodibility values on R, 

These data are shown in Table 2. The hypothesis that soil erodibility values 
are independent of R was rejected for the Ida and Barnes soil; in both cases, 
there was a significant positive correlation of K with R- There was no sig- 
nificant correlation for the Grundy or Polnset soils • 

The year-to-year variability in R- and K-values is significant as one 
moves to areas having lower rainfall factors. For example, the ratio of the 
standard deviation to the mean exceeds 1 for K for the Polnset soil at Madison, 
South Dakota; it exceeds 0.8 for the Barnes soil at Morris, Minnesota, averages 
about 0.5 for the Ida soil at Castana, Iowa, and is about 0,3 for the Grundy 
soil at Beaconsfield , Iowa. This would indicate that longer periods of record 
are required as the climate becomes more arid. 

The data set for the Barnes soil indicate some of the problems encountered 
In determining K-values from a short period of record. If only the data from 
1965-71 are considered, the K-value for that soil would be estimated to be 0.12, 
If the 1964-71 period is used, K would be estimated to be 0.20, while K is 
estimated to be 0.27 based on the 1962-1971 period [Note that we do not have 
all R for the location, only for those storms causing soil loss; hence, the 
K-values are slightly lower than those in Table 2. Based on data from Mutchler 
et al. (1976), the K-value for the 1962-71 period would be 0.25], Obviously, 
if the period of record had begun in 1965, we would have had a grossly different 
estimate of soil erodibility. The R-value for 1962 was more than 30 percent 
greater than that expected once In 20 years and weighted extremely heavily the 
soil loss on the Barnes soil. 

Table 3 shows the results of computing K-values each of several ways for 
the four soils* These are compared with estimated K-values derived through the 
use of the published nomograph (Wischmeier et al,, 1971) and a soils analysis. 
The linear-regression method described by Wischmeier (1972) was used for the 
linear-regression estimate. Wischmeier (1972) defined K as the average increase 
in soil loss for each additional unit of R for a unit plot; this is the slope 
of the linear regression line relating storm soil loss (adjusted to unit plot 
conditions) to storm R, 

As shown in Table 3, K-values for the Grundy and Poinset soil computed by 
any of the methods is within 0.05 of the value computed by the nomograph. 
Differences are more pronounced for the Ida and Barnes soils. 

Young and Mutchler (1977) used a rainfall simulator on 13,3 x 35 ft plots 
at 2,5 in/hr to determine K-values for 13 soils in Minnesota, Evidently, even 
though their procedure was to use two 1-hr periods of rainfall about 24 hours 
apart, which was somewhat different front that used by Wischmeier and Mannering 
(1969), they combined their storm values similarly to those of Wischmeier et al, 
(1971), As shown in Table 4, the nomograph values that I computed using their 
soils data averaged about 50 percent of the values measured in their study. 

Note that I assumed all soils were fine granular of moderate permeability. 
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Table 3* Soil erodibility values based on the slope of a linear regression 



line, long 

term average 

and the 

soil erodibility nomograph 




Soil erodibility values 







'S.A 

^A 


Ida 

.43 


.27 

.23 

.21 


Grundy ,, 

.26 


.27 

.30 

.30 


Poinsety 

.25 


.30 

.27 

.23 


BarnesA/ 

.17 


.38 

.27 

.17 



From soil 

erodibility 

nomograph 





- From linear regression 

of storm 

soil loss on 

storm R 


4a 

- Total soil 

loss over period divided by total 

R 


V 

- Average of 

annual soil 

erodibility values 




values based only on storm having 

soil loss on 

fallow plots. 

If all 

storms were included, 

'SjA 

values would be lower, 

values could 

be 

different 

• 





Table 4, 

Results of Young and Mutchler (1977) for a rainfall simulation study 


on Minnesota soils 






Silt plus 




K"values 



very fine 

Sand 

Organic 

Currently 

1 / 

Study 


sand 

> . lOmm 

matter 

US ed 

Nomograph— 

result 


% 

% 

% 

K 

K 

K 

Barnes 

39.4 

42.1 

5.86 

,28 

.17 

.27 

Hamer ly 

44.6 

29.6 

6 .18 

.28 

.17 

.27 

Waukon 

33.7 

49.97 

3.49 

.24 

.15 

.14 

Rockwood 

36.8 

48.00 

4 .13 

.24 

.16 

. 33 

Nebish 

28.9 

61.28 

2.20 

.32 

.16 

.25 

Sioux 

23.2 

62.40 

2.55 

.24 

.11 

.35 

Flak 

46.2 

45.86 

1.36 

.24 

.31 

.32 

Sverdrup 

11.2 

80.74 

1.73 

,20 

.06 

.11 

Kranzburg 

49.7 

13.80 

3.42 

.32 

.18 

.33 

Roths ay 

39.8 

31.10 

3.53 

.32 

.15 

.41 

Forman 

38.8 

27.3 

3.76 

.28 

.13 

.23 

Clarion 

27.9 

41.50 

4.28 

.28 

.09 

.35 

S tor den 

30.4 

46.00 

3.60 

.28 

.12 

,36 



Average 


.27 

.15 

.29 


l./Nomograph values computed by assuming each soil is fine granular with 
moderate permeability. 


Also, because the nomograph of Wischmeler et al. (1971) has a maximum of 4 
percent for organic matter, if organic matter exceeded 4 percent (as it did for 
four of the soils), the value used in the nomograph for that solids organic 
matter was 4 percent. 
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Young and Mutchler (1977) indicated that the differences between measured 
and nomograph K--values (adjusted based on judgment of soil conservation service 
personnel) was due to differences in the clay fraction (Montmorllionlte was 
dominant) and the degree of aggregation between the soils used in the study by 
Wischnieier and Hannering (1969) and their study. They indicated that the good 
agreement of their K'-value with the K-'Value from the fallow plot (Table 3, 
Barnes) gave credence to the reliability of the methods used. However, as 
shown in Table 2, the data for the fallow plots were weighted heavily by one 
yearns record. 

In 1979, Laflen and Piest (unpublished data) conducted a rainfall simula- 
tion study to determine K-values for two soils on the Treynor watersheds near 
Council Bluffs, IoT;a (Table 5). K-values are adjusted for slope and length but 
not for prior cropping. For each soil, antecedent conditions were quite 
similar* Plot preparation was similar to that described by Wischmeier and 
Mannering (1969)^ 


Table 5* Results of soil erodibility studies at Treynor, 1979 (unpublished 
data by Laflen and Piest) 


Plot 

Soil type 

Slope 



1 

Ida 

13.2 

.35 

.33 

2 

Ida 

12.6 

.32 

.31 

3 

Ida 

10.6 

.51 

.48 

4 

Ida 

10.0 

.46 

.46 

5 

Monona 

6.1 

.63 

.63 

6 

Monona 

5.9 

.68 

.66 

7 

Monona 

5.6 

.60 

.62 

8 

Monona 

6.3 

.60 

.59 

1./ Computed based on sequence of 
Data adjusted for slope and length. 

storms given 

by Wischmeier et al., 

1971 


^/Computed based on slope of regression line similar to the method of 
Wischmeier and Mannering, 1969. Data adjusted for slope and length* 


Computed K-values for each soil were quite similar regardless of the 
calculation procedure. For the Monona soils, slopes and K-values were similar 
for all plots. For the Ida soil, there was a considerable difference in K- 
values, evidently because of the major slope difference among the plots. The 
slope adjustment factor could be quite important in adjusting simulated or 
natural rainfall data, and plots on identical soils at different slopes could 
have different K-values because of the adjustment* 

SUMMARY AND CONCLUSIONS 

Most of the questions raised may have confused, rather than clarified, the 
state of knowledge concerning soil erodibility values. On the basis of the 
data presented, it is difficult to agree that the quality of the estimate for a 
soil erodibility value is "good.’’ However, relative to other variables in the 
USLE, the quality of the estimate might be ''good.'' 
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The data shown do reveal that results from natural or simulated rainfall 
studies must be analyzed very carefully. There is little here, except that, 
to reveal much else in terms of guidance. Most researchers have tried in some 
way to compute K-- values based on the kind, number, and frequencey of storms 
expected. 

It is distressing to observe that the data for established K-values came 
from plots that were not unit plots (all data required adjustment) and, for 
benchmark values from fallow plots, were the result of very short periods of 
record. For the cropped plots used to derive benchmark K^values, the number of 
years over which the records were collected were not given. 

The equation derived by Wischmeier and Mannering (1969) and the nomograph 
by Wischmeier et al, (1971) x^ere used to compute K'^values for several benchmark 
soils. In both cases, there was excellent agreement. Yet, when I used Young 
and Mutchler’s (1975) data, I found very poor agreement, evidently because of 
the clay type. This clearly indicates that not all differences in K can yet 
be accounted for. 


REFERENCES 

Barnett, A. D., J. S. Rogers, J. II. Halloday and A. E. Dooley 

1965. Soil erodibility factors for selected soils in Georgia and South 
Carolina. Trans. Am. Soc. Agric. Eng. 8:393-395. 

Knisel, W. G. 

1980. CREAMS: A field scale model for chemicals, runoff, and erosion 
from agricultural management systems. U.S. Dep. Agric., Conserv. Res. 
Rep. 26, 604 pp. 

Mutchler, C. K. , R. E. Burwell and L. C. Staples 

1976. Runoff and soil losses from Barnes soil in the northwestern corn 
belt. U.S. Dep. Agric., Agric. Res. Serv. (publ.) ARS-NG~36. 

Olson, T. C. and W. II. Wischmeier 

1963. Soil“erodlbility evaluations for soils on the runoff and erosion 
stations. Soil Sci. Soc. Am. Proc. 27:590-592. 

Wischmeier, W. H. 

1960. Cropping-management factor evaluation for a Universal Soil-Loss 
Equation. Soil Sci. Soc. Am. Proc. 24:322-326. 

Wischmeier, W. H. 

1972, Upslope erosion analysis. Pp 15-1-15-26 ^ Environmental Impact on 
Rivers. H. W. Shen, Ft. Collins, CO. 

Wischmeier, W. H., C. B, Johnson and B. V. Cross 

1971. A soil erodibility nomograph for farmland and construction sites. 

J. Soil and Water Conserv. 26:189-193. 


71 



Wischmeier^ W. H. and J. V» Mannerlng 

1969. Relation of soil properties to its erodibility. Soil Sci- Soc. 
Am. Proc. 33:131“137. 

Wischmeier, W, H. and D- D. Smith 

1958. Rainfall energy and its relationship to soil loss. Trans. Am. 
Geophys. Union 39:285-^291. 

Wischmeier, W. H. and D. D, Smith 

1965. Predicting rainfall-erosion losses from cropland east of the 
Rocky Mountains, U.S. Dep . Agric . , Agric. Handb . 282. 

Wischmeler, W. H. and D. D. Smith 

1978, Predicting rainfall erosion losses. U.S. Dep . Agric., Agric. 
Handb. 537. 

Young, R. A. and C. K. Mutchler 

1977. Erodibility of some Minnesota soils. J. Soil and Water Conserv. 
32:180-182. 


72 



EFFECTS OF SLOPE LENGTH AND STEEPNESS ON SOIL EROSION FROM RANGELANDSl./ 
D. K, McCool, Agricultural Engineer 


INTRODUCTION 

Determination of bow slope length and steepness influence soli erosion 
from rangelands has long been a source of frustration and concern for range 
scientists and hydrologists in both research and management agencies* Data 
on the effect of slope length and steepness from naturally occurring pre- 
cipitation events on rangeland are virtually nonexistent. Rangeland runoff 
and soil loss plots must frequently be located in remote areas > making them 
costly to install and maintain, and are generally subject to infrequent 
natural events. Af ter-the-event survey-type studies will not provide data 
to establish firm relationships. Rainfall simulator studies on rangelands 
have generally been conducted only on small plots where the conditions 
studied simulate only the upper portion of the slope. Results from such 
simulator studies have been quite variable. The lack of well-substantiated 
relationships has caused rangeland management personnel to lack confidence 
in the entire soil erosion prediction technology. 

The purpose of this study was to examine and evaluate the existing 
relationships, theory, and data that relate soil erosion to slope length and 
steepness. Tentative working relationships for the influence of slope 
length and steepness on erosion from rangelands are suggested. 


PAST AND CURRENT RESEARCH 

Renner (1936) published results of a previous investigation of condi- 
tions influencing erosion on rangelands of the Boise River watershed. Data 
were collected by field survey of 1,196 areas or sampling points within the 
1,700,000 acre watershed. Information was collected on several factors 
including slope steepness, aspect, soil, plant type, vegetation density, and 
accessibility to livestock. Effect of slope steepness was found to Increase 
to a maximum at about 35 percent (19.3^) slope. However, the decrease 
beyond 35 percent resulted largely from Inaccessibility to domestic grazing 
animals. When grazing influence was removed, erosion Increased with slope 
steepness above 35 percent. A few sites with slope steepness over 
86 percent were measured, but slope steepness of 98*8 percent of the sites 
sampled was below 65 percent (33.0^). Slope length was not considered in 
the study. 

T/ba^d Management and Water Conservation Research Unit, USDA-ARS, 
Washington State University, Pullman, WA 99164. In cooperation with the 
College of Agriculture Research Center, Washington State University. 

^/Throughout this manuscript percent slope “ 100 tan 0 , where 0 == slope 
steepness in degrees. 
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Horton (1945) used the Du Boys and Manning equations to develop for 
overland flow a relationship between shearing force on the soli and slope 
length and steepness. The Du Boys equation was written in the form; 


F 


1 


w, 


1 12 


sin 0 


( 1 ) 


wherel.^ *= force exerted parallel with soil surface per unit of slope 
length and width, 

wi = weight per cubic foot of water, 

6y. = depth of overland flow at distance x from divide or 
watershed boundary, in Inches, and 
0 »= slope steepness, degrees. 

The Manning equation was written In the form: 


q 


X 

s 


( 686 . 8 ) 


1.486 

n 


5/3 

6 

X 


1/2 

s 


( 2 ) 


where qg = runoff intensity in Inches per hour, 

X = distance from divide or watershed line, along or on slope, in 
feet, 

n - Manning roughness factor, and 
s = slope steepness, defined by Horton as tan 0* 

Equations (1) and (2) can be combined to yield; 

w- /q n X\3/5 , /as 

p ^ ^ jf s » sin 6 (3) 

U ' 12 I 1020 / . A. 0.3 • 

This relationship reaches a maximum value at about 57 percent (29.7^) 
slope (Horton’s graphic data were incorrect) and decreases to zero at 
900 slope. Renner’s data were presented to support the relationship 
but the interpretation is questionable. Horton used tan 6 for slope 
steepness in Manning’s equation. If Horton had used sin 6 for slope in 
:he Manning equation as he did In the Du Boys formula, equation (3) would 
have been: 

this manuscript symbols of the cited publication will gener^ 
ally be used. Since different authors have used the same symbol with 
different definitions, all symbols in equations will be defined imme- 
diately following the equation. If the meaning of a symbol is the same 
in consecutive equations, the symbol will be redefined only if necessary 
to assist the reader. 
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) 
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This relationship reaches a maximum value at a 90^ slope. 

Horton did not discuss length of slope in his study, but If soil loss 
per unit area is assumed to vary directly with as he did, then soil 
loss per unit area varies with x to the 3/5 power. 

Packer (1951) reported a series of rainfall simulator tests in which a 
modified Type F inf iltrometer was used to apply 1.80 in of artificial rain” 
fall on 6”ft square plots at the rate of 3.60 in/hr. The plots were on an 
ungrazed portion of the Boise River watershed# The purpose of the study was 
to test the Influence of certain variables on overland flow and erosion* 
Fourteen perennial bluebunch wheatgrass ( Agropyron inerme ) and sixteen 
cheatgrass ( Bromus tec torum) plots were tested* Slope steepness ranged from 
33 to 66 percent* Several findings were noted, but the main one of interest 
to this review is that slope steepness had no significant effect on runoff 
or erosion* The shortness of the plots was mentioned as a possible reason, 
because there was no opportunity for flow to concentrate and rills to 
develop . 

Findings similar to Packer’s were reported by Megahan (personal com” 
munlcation) for forest slopes in Idaho. Megahan found no correlation 
between slope steepness and erosion on runoff plots 10.0 ft wide by 43.6 ft 
long on slopes of 39 to 72 percent steepness. 

The effect of slope length and steepness on soil erosion from cropland 
has been evaluated by several researchers. Zlngg (1940) summarized data 
collected under artificial and natural rainfall conditions from several 
research plots in the Great Plains, Midwest, and East, and developed the 
relationship : 


A « sl*4 (5) 

where A =» average soil loss per unit area, 

X =* horizontal length of slope, and 
s slope steepness, percent. 

Musgrave (1947), summarizing the recommendations of a group of workers, 
published the relationship: 


A ^ (6) 

Smith and Whitt (1947) published results for a claypan soil [Putnam (fine, 
moutmorillonitic, mesic Mollic Albaqualf s) ] . They suggested a general 
equation for effect on erosion of slope steepness: 

A-a+bs^ (7) 
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where a,b,n = constants Influenced by rainfall intensity, soli, and cover. 
They used rainfall simulator data of Neal (1938) to produce the relationship: 

R = 0.10 + 0.21 s^/3 (8) 

where R soil loss ratio or multiplier* 

The product of R from equation (8) and measured soli loss on the 
McCredle, Missouri experimental farm plots (3 percent slope) become estl^ 
mated soil loss on a given rotation on a 90^ft plot of the selected slope 
steepness. Plot data from Shelby soil (fine^loamy, mixed, mesic Typlc 
Argiudulls) at the Bethany, Missouri Experiment Station (Smith et al. , 

1945), and publications of Zlngg (1940) and Musgrave (1947) were cited in 
suggesting a slope length exponent of 0.6 for the claypan soil which was 
considered to allow greater runoff and to be more easily detached and 
transported than the Shelby soil. 

By 1957, cropland soil loss data from fairly long periods were avail- 
able from several locations. Specifically, seventeen years of data were 
available from four slope groups of from 3 to 18 percent on a Fayette soil 
(fine-silty, mixed, mesic Typic Hapludalfs) at the experiment station at 
LaCrosse, Wisconsin, and seventeen years of data were available from 
Blacksburg, Virginia, on five slope groups of from 5 to 25 percent. Smith 
and Wischmeler (1957) used a parabolic equation to fit the Wisconsin data. 
Data from Zlngg *s rainfall simulator tests (1940) and studies at Dixon 
Springs, Illinois* and Zanesville, Ohio, fit the pattern of the Wisconsin 
relationship. Thus, data from these four studies were combined to obtain, 
by least squares fit, the equation: 

A a 0.43 + 0.30 s + 0.043 s^. (9) 

The Virginia data showed a nearly linear relationship: 

A « 0.24 + 0.55 s - 0.004 s2 (10) 

and were not Included in developing equation (9). 

Smith and Wischmeler (1957) reported length of slope data from 136 
location years at ten. locations under corn or cotton. The data were fit to 
an equation of the form: 


A ^ (11) 

where A = average soil loss per unit area, 

X “ slope length, and 
m = fitted exponential constant. 

Average values of the length exponent for the different locations ranged 
from 0 to 0,9, with a location-weighted average of 0,46. The authors were 
unable to discern an adequate explanation for the variation, although they 
stated '^Magnitude of the length exponent appears to be related both to soil 
and cover, but more positively to runoff." 
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In their significant and widely used publication of 1965^ in which the 
Universal Soil Loss Equation (USLE) was presented, Wischmeier and Smith 
referred to their previous publication (1957) when presenting the following 
slope length and steepness relationships J 

A cr (0.43 + 0.30s + 0,043s^) (12) 

where A « average soil loss per unit area, 

X ^ slope length, and 
s = slope steepness, percent. 

Later, after significant use of the USLE was being made on steeper slopes on 
rangeland, forest land, mine spoil areas, and construction sites, Wischmeier 
and Smith (1978) modified their relationships so that the slope steepness 
influence was not so large for steep slopes. 

LS - (A/72. 6)^ (65.41 sin^G 4- 4.56 sin 0 + 0.065) (13) 

where LS = slope length and steepness factor relative to a 72.6 ft 
slope length of uniform 9 percent ( 0 == 5.1®) slope, 

X = slope length, feet, 

0 - slope steepness, degrees, and 

m = 0.5 if percent slope is 5 or more^ 0.4 on slopes of 3.5 to 

4.5 percent, 0.3 on slopes of 1 to 3 percent, and 0.2 on 

uniform slopes of less than 1 percent. 

Meyer and Monke (1965) examined existing erosion and sediment transport 
equations and compared values of exponents on slope length and steepness. 
Their literature study was preliminary to conducting a series of laboratory 
experiments with artificial rainfall on a cohesionless bed consisting of 
unif orm^sized particles. Their flume was 9.8 ft (3.0 m) long, 2 ft (0.6 ra) 
wide, and 0.8 in (2 cm) deep with an Impermeable bed. Flow rates were 
equivalent of i.5 in/hr with water added at the upper end to give equivalent 
lengths of 10, 40, 70, and 100 ft. Various slope steepnesses to 16 percent 

slope were used. Sediment was added at the upper end of the flume so that 

there was no net loss of sediment from the bed. Thus the study was pri- 
marily an evaluation of the sediment transport capacity of overland flow. 

In their data analysis, they introduced the concepts of critical 
lengths and steepnesses: 

e = G (s - s (14) 

r s ^ c 

and 

er“C^(X-X^)™ (15) 
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where e^; = sediment transport by runoff per unit of width, 

Cg = constant, 

s = slope steepness, percent, 

~ critical slope steepness, percent, 
n = exponential constant, 

= constant, 

A = slope length, 

= critical slope length, and 
m ~ exponential constant. 

Values of ni were determined experimentally to be near 1,5, Values of n 
were mostly in the 2*0 to 2,5 range, much larger than the 1.35 to 1.4 values 
in use at that time for the Influence of slope steepness on erosion (equa- 
tions 5 and 6). The study primarily addressed the transport phase of the 
erosion process. 

Young and Mutchler (1969) reported results from an artificial rainfall 
study on Crofton silt loam [flne-sllty, mixed (calcareous), mesic Typlc 
Ustorthents] in southeastern South Dakota. They shaped concave, convex, and 
uniform slopes with local steepness of 5 to 15 percent and average steepness 
of 9 percent. The plots were 13.5 ft wide by 75 ft long. Artificial rain- 
fall at 2.5 in/hr was applied in four half-hour applications. Fluorescent 
glass particles were used to determine relative movement. When soil losses 
from rill measurements taken at intervals along the slope were considered, 

88 percent of the variance was accounted for by the relation: 

E - -15.38 + 0.26 R + 1.31 s (16) 

where E - soil loss, ton/acre, 

R - runoff, cubic ft, and 
s ~ slope steepness, percent. 

When fitted to a power model; 

E = 0.0145 r1-24 s0,7ii (17) 

with a coefficient of determination of 0.87. The authors indicated that 
raindrop splash was a major contributor to soil detachment and to transport 
of soil particles to a rill system. 

Partheniades (1965) investigated the Influence of shear stress, 
suspended sediment concentration, and bed shear strength on erosion rates. 

A straight rectangular flume 12 in wide by 15 in deep by 60 ft long with bed 
material 0.1 ft thick was used with a recirculating water system and water 
at ocean salinity. Bed material was a special clay commonly called San 
Francisco bay mud. Water depth was 6 in, and no artificial rainfall was 
applied. For the test range of bed strengths, erosion rates were independ- 
ent of the bed shear strength and of the suspended sediment concentration. 
The erosion rates depended strongly on shear stress, Increasing rapidly 
after a critical value was reached. 
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Foster and Hartin (1969) conducted a laboratory experiment to determine 
the effect of slope and bulk density on soil loss* The test apparatus was a 
small channel 5 in wide by 35 in long* Test slopes were 18^.5*^, 26 *50, 
and A5®, and dry bulk density values of the ''Gallatin No* 1" soil were 80, 
85, 90, and 95 Ib/ft^. Four replicates were run* ArtificlaJ rainfall was 
applied with a spray nozzle; no application rates^ drop sizes, or drop 
velocities were given. Foster and Martin found an interaction between slope 
steepness and bulk density. On the 18.5^ slope, erosion decreased with 
increasing bulk density; on the 26,5^slope, erosion was maximum at bulk 
densities of 85 to 90 Ib/ft^; and on the 45^ slope, erosion increased 
with Increasing bulk density* 

Gregory et al. (1977) developed a relationship for soil loss from steep 
slopes. They used a relationship of Ekern (1950) for splash transport, data 
from Palmer (1965) to determine a rate of decrease of raindrop-^caused strain 
on individual particles on the soil surface with increase of water depth, 
and a relationship of Laws and Parsons (1943) to determine a relationship 
between raindrop size and Intensity. The Gregory et al. equation included 
various corrections for steep slopes; these corrections Included calculating 
rainfall and watershed area on a projected area basis. Inasmuch as rainfall 
and area are commonly calculated on a projected area basis and do not need 
correction, these two corrections should be deleted from their equation. If 
all area, slope length, and rainfall calculations are made on a projected 
area basis, their equation for the influence of slope steepness on erosion 
is : 


S - 


n Ro / 4 a\1*249 . . , nN2-249 
0.50 (sin 9) (sin 6) 

0.02899 


(18) 


where S = slope steepness factor relative to 9 percent slope (6 “ 5.1^), 
and 

9 == slope steepness, degrees. 

In a later development, Gregory and Steichen (1978) considered the 
effect of bulk density by separating the impact force causing detachment 
into normal and tangential components relative to the soil surface. They 
assumed that the tangential component affected the rate of soil erosion 
through a shearing process and that the normal component affected the hydro- 
static pressure in the soil pores. Hence the influence of bulk density was 
through pore size. The data of Foster and Martin (1969) were used to call"- 
brate the relationships for detachment caused by forces normal to the soil 
surface. Gregory and Steichen showed that the slope steepness relationship 
reported by Zingg (1940), equation (5), and the relationships reported by 
Wischmeier and Smith (1957), equations (9) and (10), could be reproduced by 
assuming certain specific values of surface bulk density. If the projected 
area is assumed for all rainfall and area calculations and Gregory and 
Steichen* s component for roughness is deleted, the relationship for slope 
steepness reduces to: 
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2095 (1 - 


11.9 


S = 


0.1 + s 


( 19 ) 

cos 0 1 249 2.249 

+ 0.6 sin 0][O.5 (sin 0) + (sin 0) 1 


317(1 - + 0.00156 


where S = slope steepness factor relative to 9 percent slope (0 = 5*1^), 

6 “ slope steepness, degrees, 

BD = surface bulk density, g/cc, and 
s = slope steepness, tan 6. 

Foster and Meyer (1972) developed a closed-form erosion equation by 
using continuity of mass and an equation expressing the interrelationship 
between detachment by flow and sediment load. They assumed that the ratio 
of detachment rate to detachment capacity plus the ratio of sediment load to 
sediment transport capacity equals 1. Detachment capacity and transport 
capacity were taken as functions of the 3/2 power of the flow^s tractive 
force# Using a relationship between rainfall excess and distance along the 
land profile, the Chezy uniform flow equation, and the above relationships, 
they derived a closed-form equation for detachment rate and sediment load 
along a particular land profile. Equations for slope length and slope 
steepness exponents were developed. These were quite complex and are not 
Included in this manuscript. 

Research reported by Meyer et al. (1975b), indicated that slope 
steepness has much less effect on soil loss from short Interrill areas than 
would be calculated from the relationships developed from longer plots and 
reported by Smith and Whitt (1947) and Wischmeier and Smith (1957, 1965, and 
1 78), Meyer et al. (1975b) reported that considerable erosion occurred 
even when the soil surface was level, but the Increase in erosion with slope 
steepness over a broad range of steepness was relatively small. Erosion 
only doubled for a steepness change from 2 to 20 percent, whereas the 

relationship indicates a nearly 

20“fold increase. 

j 4 . Foster and Meyer (1975) separated sediment load Into rill and 

fS closed form equation reported previously 

[Foster and Meyer (1972)]. They mentioned that, generally, the effect of 
slope steepness on soil loss has been reported as G a: sP with the value of 

tlor^anf ^ suggested that where runoff rate, runoff dura- 

^ . ensi y are independent of slope steepness, and where surface 

roughness Is unimportant, a p value of 0 to 1 should be reasonable. Steeper 

Meyer et al. (1975a) investigated the effect of flow rate and cron 
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screen* Meyer et al* (1975a) proposed an equation for the rate of soil loss 
from rills: 

where = upland erosion, 

= interrill erosion, 

Dj^ = coefficient that depends on susceptibility of a given soil 
to rill erosion, 

Q = rill flow rate, and 

“ critical discharge below which erosion is negligible. 

In their tests, rill erosion was observed to be a complex combination 
of headcuts, detachment by shear, and slumping of undercut side slopes. 

They proposed: 

- Es + E„ (21) 

where = rill erosion, 

Eg - rill shear erosion, and 

rill headcut erosion. 

They cited earlier analysis (Foster and Meyer, 1975), which indicated that 
Eg is related linearly to flow rate, and work of Piest et al. (1975) 
wherein gully headcut erosion was found to vary with flow rate to a power 
between 1.0 and 1.5. Meyer et al. (1975a) then suggested a relationship 
that lumps shear and headcut erosion: 


E 


R 




(O-Q^) 


( 22 ) 


where Ej^ = rill erosion, and 
“ coefficients. 

Their data indicated a value of 1.07 for B2, but they suggested that a 
value of 1.0 be used. 

On uniform slopes, E3; can be assumed reasonably constant over the 
entire slope length and independent of rill flow rate. Hence: 

= W [DjX + (D^/2) (X - X^)^] (23) 

where O']; = total eroded sediment, 

W = width of rectangular area, 

Dx =■ sediment delivery rate from the interrill portion, 

X = slope length to location of Interest, 

Dg => rill erodibility coefficient. 
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« runoff rate per unit area, and 
= distance downslope at which Q = 

The first term, of equation (23) expresses the contribution to total 

eroded sediment by interrill erosion; the remainder expresses the rill 
contribution. This relationship was used to explain wide differences in 
slope length exponents that have been found by various Investigators. 

Foster et al. (1977a) developed the relationship: 

G = /d^ dx + /d^ dx = + G^ (24) 


where G “ sediment load, 

Dj; = detachment rate by interrill erosion, 

Dj- = detachment rate by rill erosion, 

Gj^ “ sediment load due to Interrill erosion, and 
Gj. “ sediment load due to rill erosion. 

Data of Meyer et al. (1975b) were cited which indicated that the relation- 
ship of Interrill detachment to slope steepness was linear for slopes less 
than 15 percent. Foster et al. proposed an equation as follows: 


Df - I (b s H“ c) 


(25) 


where Dj[ - detachment rate by interrill erosion, 

= soil erodlbility factor for interrill erosion, 

I = measure of combined potential of raindrop impact and interrill 
flow to detach and transport soil particles to rills, 
s ~ slope steepness, and 

b and c - coefficients to be determined by experimentation and analysis. 


Foster and coworkers suggested an equation for rill detachment as 
follows : 


D 

r 


a (t ^ T ) 
s e c 


(26) 


where “ detachment rate by rill erosion, 

Hg = factor related to soil’s susceptibility to rilling, 

Te effective shear stress, 

- critical shear stress, and 
^ = exponent. 

If critical shear stress is assumed to be negligible, the above equation 
becomes : 


D 


r 


a (T ) 
s e 


(27) 
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Foster et al. (1977a) used data from Partheniades (1965) to establish limits 
on for the upper range of shear stress, for the lower 

range of shear stress, oc Foster and coworkers selected a 

value of 1.5 for This value was in agreement with data of Meyer et al. 

(197ja) for rill erosion where headcutting and undercutting of the rill 
stdexi?alls were present along with shear erosion/* 


Foster et al* (1977a) then used the Du Boys and Darcy^Weisbach equa*” 
tiona to develop an equation for effective shear stress: 


where Xq = effective shear stress, 

= 're/'^a> 

Tg = average shear stress from Tg = Yys, 

Y = weight density of the runoff, 
y = depth of overland flow, 

s = slope of energy grade line (assumed equal to land slope), 
f = friction factor, 
g = acceleration due to gravity, and 
q => discharge per unit width. 

If o X is substituted for q where o = excess rainfall rate and x = 
horizontal distance, then from equations (27) and (28): 

3/2 3/2 , 

Df = Y (f/8g) s a X. 

By making appropriate substitutions and integrating: 

G = K (a s®) a x^ 
r r 

where = sediment load from rilling, 

Kj, = soil factor for rilling, and 
a and e — functions of tillage pattern, soil roughness, and other 

factors that interact with slope steepness to influence 
rill erosion. 

The total erosion equation is then: 

G “ G^ + G^ = I (bs + c) X + (a s®) 0 x^. (31) 


(29) 

(30) 


In another paper (Foster et al., 1977b), a value for e of 2.0 was 
assumed, basically because, based on data reported by Wischmeier (1966), 
slope steepness was assumed to affect runoff amount, rill pattern, and rill 
cross-sectional shape. Hence: 


83 



( 32 ) 


A = K, (b s + c) I. C, P, + K (a s^)F^ C P (x/a ) 
i '111 trr u 


where A ^ average soil loss per unit area for slope length x, 

ll - rainfall eroslvlty, 

Ff. - runoff eroslvity, 

Kj[ and Kj- = soil erodibillty factors for Interrill and rill 
erosion, respectively, 

Cj^ and Cj- - cropping-management factors for interrill and rill 
erosion, respectively, 

Pj; and Pj- supporting practice factors for interrill and rill 
erosion, respectively, 

X = distance downslope from origin of overland flow, 
s - slope steepness expressed as sine of slope angle, 
length of the unit plot (72 •& ft), and 
a, b, and c = coefficients. 

The soil erodibillty, cropping-management, and supporting practice factors 
are modified from those customarily used In the USLE (Wlschmeler and Smith, 
1965, 1978), 

The 1978 slope steepness relationship of Wischmeier and Smith (1978) 
was tested under artificial rainfall conditions at the Utah State University 
Water Research Laboratory (UWRL) (National Research Council, 1980). The 
tube or needle drip-type rainfall device produced 4 mm drops. The long drop 
fall distance (16 ft maximum) was less than necessary to produce terminal 
velocity. The plots were 4 ft wide and 19.5 ft long. 

The plots were filled with three different soils: (1) a washed sand, 
(2) Nlbley silty clay loam (fine, mixed, meslc, Aquic Arguistolls) from 
Logan, Utah, (3) Cecil gravelly loam (clayey, kaolinitic thermic, Typic 
Hapludults) from Watkinsvllle, Georgia, and (4) the same Nlbley soil used 
for plot (2) except the soil was compacted and not tilled. Plots 1 through 
3 were tilled up and down the slope. Slopes of 9, 25, 50, and 84 percent 
were tested. Rainfall intensities were 2,51, 3.95, and 7.65 in/hr with 
durations of 30, 15, and 8 or 10 rain, respectively. 

When the 20--ft‘-long flume was tilted to the 84 percent slope steepness, 
there was approximately 2,8 ft between the drop emitters and the upper end 
of the test section and approximately 15.3 ft between the drop emitters and 
the downstream end of the test section. This produced a ratio of rainfall 
energy levels of approximately 1 to 4 between the upper and lower ends of 
the 19.5-ft test section. 

In verifying the Wischmeier and Smith (1978) slope steepness relation- 
ship, UWRL apparently calculated rainfall energy on a projected area basis. 
Erosion, however, was calculated on a slope-area basis. The researchers 
concluded the Wischmeier and Smith (1978) relationship was valid for slopes 
of up to 100 percent steepness. 

The UWRL researchers also broke the Wischmeier and Smith slope steep- 
ness relationship into two curves, one for slope steepness of less than 
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20 percent, and another for slope steepness from 20 to 100 percent, and by 
least squares fit of calculated values obtained the linear relationships: 

X ^ 

Less than 20 percent slope LS == (-y ^ ^ 0 0*174 s (33) 


20 to 100 percent slope LS - ( 72 ^) (0.413 s - 4.78) (34) 


where LS « slope length and steepness factor relative to a 72.6 ft slope 
length of uniform 9 percent (5.1^) slope, 

X “ length along slope, ft, and 
s - slope steepness, percent. 


The coefficient of determination for equation (34) was 0.91. A plotting 
indicated the nearly linear relationship between slope steepness, s, and the 
USLE slope steepness factor, S, between 20 and 100 percent slope for the 
Wlschmeler and Smith (1978) relationships. 


Trieste and Gifford (1980) published the results of an analysis of 
rainfall simulator data collected from some 2,805 plots representing a 
variety of conditions in the western United States and Australia. The 
purpose of the analysis was to test the relationships of the USLE using a 
per-^storm analysis of rainfall simulator data. The data had been collected 
using three different types of rainfall simulators: (1) the Rocky Mountain 
inf lltrometer with rainfall at 3.0 in/hr on a 2.5-ft^ plot, (2) a modular 
drip-type device with intensities of from 0.2 to 3.3 in/hr on a 9-ft 
plot, and ( 3 ) a modular drip-^type device with 3 in/hr intensity and a plot 
size of A—ft^ designed especially for use on steep slopes and bare soils. 


The variable that best explained soil loss was the slope steepness 
factor, S, of the USLE (Wischmeier and Smith, 1978). The slope length 
factor, L, of the USLE Indicated a negative relationship with soil loss. 
However, because the plots were all quite small, it is unlikely length would 
be a significant factor (Foster et al., 1981). Predictions for rangelands 
on an event basis were poor. Relatively good predictions were made on the 
tested mine spoil areas, which had a range of slopes from flat to steep. 
Rainfall simulator (3) mentioned above was used in the mine spoil tests. 

I collected extensive data on over-winter rill erosion on seeded fields 
of winter wheat along a 45-mile transect across the Palouse in eastern 
Washington and northern Idaho. The area is characterized by steep slopes, 
and erosion is considered to result primarily from runoff. A rill meter 
(McCool et al., 1981) was used to collect the soil loss data at the en of 
the winter erosion season. 


During data collection in the late winter after several erosion events, 
there was little evidence of the head cutting or extensive undercutting of 
the sides of the channels which are commonly seen when a high-lntens y 
storm releases a large volume of water in a short period. The data were 
corrected for differences in soils and crop management by use of soil erodi- 
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billty factors (l^ischmelcr et al. , 1971) and soil loss ratios (Wischmeler , 
1973)* The soil erodibilitles were determined from data from soil survey 
maps. The soil loss ratios were calculated as products of residue, growing 
cover, surface roughness, and antecedent soil moisture factors. Soil loss 
was calculated on a projected area basis, and horizontal slope lengths were 
used in all calculations. Relationships between corrected soil loss and 
slope length and steepness were fit by regression techniques* 

Because the data were collected from rills alone fonned under low 
intensity rainfall and snovmielt conditions, rainfall energy should have 
little influence on the data. Steepness of local or segment lengths of 
slopes ranged from 3 to 53 percent slope. The bulk of the data was col- 
lected from slopes of 20 to 40 percent. A fit of all the data collected 
from 1973 through 1976 showed the relationship: 

A a sO.69 

or 

A a A^*^^(sln 0)^^ 

where A =« average soil loss per unit area, 

X horizontal length of slope, 
s =* slope steepness, percent, and 
9 = slope steepness, degrees. 

There was little difference between coefficients of determination for the 
two relationships. The regressed sum of squares attributable to slope 
length was much greater than the regressed sura of squares attributable to 
slope steepness. The results were found to be sensitive to the assumptions 
for soil erodibility and soil loss ratio, and hence are preliminary and sub- 
ject to future revision as better estimates of soil erodibility and soil 
loss ratio are made. 


(35) 

(36) 


DISCUSSION 

The literature concerning the influences of slope length and steepness 
on erosion is characterized by a wide divergence between results of past and 
current research. The influence of slope steepness exhibits the wider range 
in both theory and results. Most data have been collected on cropland plots 
or in laboratory flumes of less than 20 percent slope. Renner, Foster and 
Martin, Packer, Gregory, Utah Water Research Laboratory, Trieste and 
Gifford, and I studied or considered steep slopes such as those frequently 
encountered on rangelands, forest lands, mine spoil areas, and construction 
sites. However, only Renner, Packer, and Trieste and Gifford collected or 
reported data from rangeland sites. 

Quasi'-theoretical analyses have frequently been based on empirical 
uniform flow relationships such as the Manning formula. A force balance is 
written, and the shear stress exerted by an element of water on a unit of 
the bed is considered the force causing detachment. There is generally 
little agreement either in theory or in result as to the value of the 
exponent to which this shear force should be raised to properly calculate 
detachment and transport under a given set of conditions. Foster et al. 
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(1977a) presented theory and evidence that this exponent is related to the 
relative amounts of sheet and rill erosion, and to the amount of headcutting 
and undercutting taking place in the rill system. The rill erosion data 
that I collected under low runoff rates where there is little headcutting or 
undercutting support this concept. 

Only the small'-scale laboratory study of Foster and Martin (1969) 
indicates that within the range of commonly encountered slope steepness, 
the influence of slope steepness peaks and then decreases if other variables 
remain constant. Gregory and Stelchen (1978) used this data in an extensive 
analytical development to consider the influence of surface bulk density on 
erosion. They reproduced several sets of existing length and steepness data 
with the resulting relationship. Yet the results were only hypothetical 
because the actual surface bulk densities of these soils were not known. I 
applied the Gregory and Steichen relationship to the rill erosion data 
collected from Palouse wheat fields. Using the mean bulk density of 1.28 
gm/cm^, measured at 1 in depth, I obtained a curve quite close to the 
fitted curve- This was rather unexpected because the rill data were col- 
lected from conditions where the influence of raindrop impact > the basis of 
Gregory's bulk density correction, should be minimal. 

Packer's rainfall simulator data from 6-ft-long plots on rangeland of 
33 to 66 percent slope indicated no influence of slope steepness on runoff 
or erosion. Trieste and Gifford's analysis of small plot rainfall simulator 
data from rangeland indicated a slope steepness exponent of about 1. 

If rangelands are In good condition and headcutting and undercutting of 
rills are absent, and particularly if erosion processes are such that soil 
loss is mostly by sheet erosion, It seems reasonable, based on evidence pre- 
sented by Foster et al. (1977a) and Young and Mutchler (1969), that expo- 
nents of 2 for slope steepness are too large. Indeed, most sheet erosion 
seems to vary with slope steepness to an exponent less than 1. Preliminary 
analysis of the data that I collected in the field from rills formed under 
low rainfall and runoff rates where headcutting and sidewall undercutting 
are generally absent Indicates a range of exponents of from 0.55 to 0.95, 
for either percent slope, s, or sin 6, with a composited value of 0.7 for 
4 years of data. 


RECOMMENDATIONS 


Baaed on the limited data from various sources, it is proposed that 
rangelands, forest lands, and construction slopes be considered in three 
categories for slope steepness effects on erosion: 


Category I. Those areas with good cover condition in climatic^ zones 
where no concentrated rilling is expected under conditions of large 
rates and volumes of rainfall and runoff. Category I might ^ 
include situations where there is rilling but where there s e o 

no depression storage, and runoff is independent of slope steepness. 
Palouse wheat fields are an example. Certain construction sites may be 
included here. Until more adequate theory can be developed ^nd data 
collected to validate the theory, I suggest the following relationships 
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( 37 ) 


Slopes less than or equal to 9 percent: 

A oc 0,43 + 30 sin 0 + 430 sln^O* 


Slopes greater than 9 percent: 

A a sin 04 


(38) 


where A = average soil loss per unit area 
0 = slope steepness > degrees 

Category II ; Those areas with fair cover condition or in climatic 
zones where moderate rates and volumes of rainfall and runoff with only 
moderate rilling are expected or observed, or both. These essentially 
Include areas intermediate between Categories I and III below. 

Examples would be areas with only infrequent hlgh--intenslty thunder- 
storms but where rainfall is sufficient to support fair vegetation 
cover, I suggest the following relationships: 

Slopes less than or equal to 9 percent; 

A 0,43 -H 30 sin 6 + 430 sln^ 0. (39 ) 

Slopes greater than 9 percent: 

A a: 30 slne+ 125 sin2 0. (40) 

Category III ; Those areas with poor or deteriorated cover condition or 
in climatic zones where concentrated rilling from large rates and 
volumes of rainfall and runoff is observed or expected, or both. These 
might Include steep mine spoils during the time of vegetation estab- 
lishment in areas with a high incidence of high-lntenslty rainstorms. 
Category III would also include situations where runoff Is related to 
slope steepness through roughness and depression storage effects. 

Until more adequate theory can be developed and data collected to 
validate the theory, I suggest the Wischmeier-Smlth relationship (1978) 

A « 0.43 + 30 sin 0 + 430 sln20. (41) 

Values of a slope steepness factor S calculated from equations (37) 
through (41) for slopes from 0.5 to 100 percent are presented in Table 1; 
curves are plotted in Figure 1. Values of S are ratios of predicted sheet 
and rill erosion to that for a 9 percent slope. For a 100 percent (45°) 
slope, the values of the S factor in Categories I, II, and III are 7.9, 

22.7, and 36.0, respectively. Slopes greater than 100 percent are seldom 
encountered in the field. At slopes of this magnitude, soil movement is 
more likely to be by mass movement processes rather than by rainfall and 
runoff-caused surface erosion. 


Less research has been conducted on the Influence of slope length on 
erosion than on the influence of slope steepness on erosion. Cropland plot 
studies on slopes of less than 20 percent Indicated a power relationship 
ith an exponent between 0 and 0.9. A value of 0.5 for slopes of greater 
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than 5 percent was suggested by Wlschmeler and Smith (1965) and is widely 
used. To my knowledge, mine is the only field data collected on the 
influence of slope length for slopes greater than 20 percent. This data, 
collected from rills alone, indicated an exponent value of 0.A5- This was 
somewhat unexpected following the reasoning of Foster et al. (1977a) which 
indicates average rill loss might vary linearly with slope length. However, 
I did not attempt to determine a critical value of slope length below which 
rill erosion might be negligible. Determination of such a critical length 
would raise the value of the slope length exponent in equations (35) and 
(36). 

Based on previous cropland investigations and on my steep slope crop- 
land investigations, I suggest that for rangelands the Wischmeier'-Smith 
(1978) relationship for slope length be used: 

A « (42) 

where A = soil loss per unit area, 

A = horizontal length, and 

m = 0.5 if percent slope is 5 or more, 0.4 on slopes of 
3.5 to 4.5 percent, 0.3 on slopes of 1 to 3 percent, 
and 0.2 on uniform slopes of less than 1 percent. 

A combined length and steepness factor, LS, for rangelands would then bet 

Category I . No observed or expected rill erosion: 

Slopes less than or equal to 9 percent : 

X m 2 

LS = ( 72 ^) (0.065 4- 4.56 sin 0 -f 65.41 sin a). (43) 


Slopes greater than 9 percent: 


m 


LS - ( 72 ^) 0- 

Category II . Moderate rainfall and runoff rates and moderate rilling 1 
Slopes less than or equal to 9 percent: 


n m 0 

LS = (0,065 + 4.56 sin 6 + 65.41 sin 0). (45) 

Slopes greater than 9 percent: 

LS = 8.12 sin 0+ 33.8 sin^ 0. (46) 

Category III . Rill erosion from high rainfall and runoff rates: 
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( 47 ) 


X ^ 9 

LS = ( 7 ^) <0.065 + 4.56 sin 0+ 65.41 sin 0). 


where LS = slope length and steepness factor relative to a 72.6 ft 
slope length of uniform 9 percent (5.1^) slope, 

X - horizontal slope length, feet, 

6 “ slope steepness, degrees, and 

m 0.5 if percent slope is 5 or more, 0.4 on slopes 

of 3.5 to 4*5 percent, 0.3 on slopes of 1 to 3 percent 
and 0.2 on uniform slopes of less than 1 percent# 

When working with steep slopes, the difference between slope length and 
horizontal length must be considered# Rainfall energy and intensity are 
calculated on a projected (horizontal plane) area basis as well as are field 
or watershed areas and erosion or sediment yield. Any length determinations 
made from aerial photos or USGS maps are made on a horizontal basis# There^ 
fore, horizontal length and horizontal area are to be used in all length and 
steepness relationships. Any field measurements made along the slope should 
be corrected to horizontal length before erosion predictions are made. With 
the availability of Inexpensive scientific calculators, this Is not a major 
obstacle to field personnel. 

Nonunlf onnly sloped areas are frequently encountered In the field, on 
both natural and disturbed areas. Erosion estimates can be adversely in-- 
fluenced If a uniform slope steepness is assumed on complex slopes# Proce- 
dures have been developed for improving erosion estimates for nonuniform 
slopes# A discussion of the range of conditions under which nonuniform 
slope procedures must be used Is beyond the scope of this manuscript. A 
complete description of the procedures is given in Agriculture Handbook 537 
(Wlschmeler and Smith, 1978)# 


CONCLUSION 

Data on the effect of slope length and steepness on soil loss from 
rangelands are virtually nonexistent. If accurate predictions of soil loss 
from rangelands are needed for range resource maintenance or water quality 
purposes, a program of data collection will be needed. The most rapid means 
of collecting this data will be with rainfall simulators larger than those 
previously used# 

In the interim, I suggest that rangelands be classified as Category I 
(no observed or expected rill erosion under large rates and volumes of rain- 
fall and runoff), Category II (moderate rainfall and runoff rate and moder- 
ate rilling observed or expected), and Category III (rill erosion expected 
from high rainfall and runoff rates), and that equations (43) through (47) 
be used for predicting the Influence of slope length and steepness on 
erosion. 

Because there Is little data to support the relationships in equations 
(43) through (47), and because of the wide range of values for slope steep- 
ness factor at slopes above 20 percent calculated from them, the equations 
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are offered for field use on a trial basis and to elicit response from 
resource management personnel and researchers. If comments and discussion 
are favorable, this manuscript will be offered for publication in a more 
strictly reviewed journal. Comment and discussion can only stimulate fur- 
ther research and speed the development of better-substantiated relation- 
ships . 
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TABLE 1. — Tentative Slope steepness factors for rangeland 


Percent 
slope, s 

Category! 

I 

Category^ 

II 

Category^ 

III 

0.5 

0.089 

0.089 

0.089 

1 

0.12 

0.12 

0.12 

2 

0.18 

0.18 

0.18 

3 

0.26 

0.26 

0.26 

4 

0.35 

0.35 

0.35 

5 

0.46 

0.46 

0.46 

6 

0.57 

0.57 

0.57 

8 

0.85 

0.85 

0.85 

10 

1.11 

1,14 

1.17 

12 

1.33 

1.45 

1.54 

14 

1.55 

1,78 

1.96 

16 

1.76 

2.13 

2.42 

20 

2.19 

2,89 

3.48 

25 

2.71 

3.96 

5.02 

30 

3.21 

5.13 

6.78 

40 

4.14 

7.68 

10.8 

50 

4.99 

10.4 

15.2 

60 

5.74 

13.1 

19.7 

70 

6.40 

15.8 

24.2 

80 

6.97 

18.3 

28.4 

90 

7.46 

20.6 

32.4 

100 

7.89 

22.7 

36.0 


Ino rill erosion observed or expected. 


^Moderate rainfall and runoff rates and moderate rilling 
observed or expected. 

^Rill erosion from high rainfall and runoff rates. 
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Figure l—Tentative slope steepness factors for rangeland 




SPECIAL PROBLEMS IN THE APPLICATION OF THE 
USLE TO RANGELANDS: 

C AND P FACTORS^-' 


G. R. Foster—'^ 


ABSTRACT 

The Universal Soil Loss Equation (USLE) is being used to estimate erosion 
on rangeland in the Western United States. This is a new application of the 
USLE, and values for the cover-management factor C and the supporting prac- 
tices factor P are being used that were derived from data principally obtained 
from Eastern U. S. cropland soils and covers. Consequently, research is 
needed to validate the currently used C and P values and to develop new values 
where necessary. Development of C and P values for Western rangeland will 
need to include identification of the influencial factors affecting erosion on 
rangeland, and evaluation of the effects of erosion pavement, cover, nonuni- 
formity of cover, roughness, soil disturbance, roots, freezing and thawing, 
burning, infrequent and intense storms, and ridges, pitting and other mechani- 
cal treatments on runoff and erosion. 


INTRODUCTION 

The C (cover-management) factor is the single most important factor of 
the USLE when the sensitivity of computed soil loss to each USLE factor is 
considered. Factor values range from less than 0.005 to slightly greater than 
1.0 and are affected by many variables, some of t^iich are difficult to meas- 
ure. If soil loss is 20 tons/acre for C - 1.0, then soil loss is 0.1 
tons/acre for C = 0.005 if none of the other USLE factors change. 

Existing C factor values for agricultural land and construction sites 
were developed from much natural and simulated rainfall plot data, but a simi- 
lar data base does not exist for rangelands. Published C factor values 
(Wischraeier and Smith, 1978) frequently used for rangelands were derived from 
relationships for basic subfactors for the effects of canopy, ground cover, 
soil consolidation, and plant roots on erosion. Data for these relationships 
were obtained mainly from studies of the effects of straw, cornstalk, and 
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stone mulches on erosion from plots on cropland and construction sites and 
from studies of natural runoff from grassed plots. While the relationships 
have sound experimental bases and appear to give reasonable results, the 
derived C factor values have never been validated specifically for rangelands. 
Values for C published in Agriculture Handbook No. 537 (Wischmeier and Smith, 
1978) do not apply to all situations likely to be encountered on rangelands. 
Root plowing is one situation where C factor values are not available. 
Recently Dissmeyer and Foster (1981) developed C factor relationships for 
forest land that may apply to rangeland, but their relationships also need 
validation specifically for rangeland. 

The P (supporting practices) factor describes the effect of supporting 
practices like contouring, stripcropping, grass buffer strips, and terraces on 
erosion. The P factor was primarily evaluated from data from small agricul- 
tural watersheds. Values of P for a given practice were determined by taking 
the ratio of soil loss from a watershed having the given practice to the soil 
loss from a similar watershed not having the practice. The available data 
were limited, and only general effects of supporting practices were defined. 
Of the USLE factors, P is the one that is most poorly defined and validated. 
It is also the most variable factor for seemingly identical situations. 


PROBLEMS 


The list below identifies problem areas related to the application of 
USLE C and P factors to rangelands. 

1. Influencial factors. What are the key factors in Western rangeland 
situations that influence erosion? The USLE is typically used as an 
inventory tool to identify serious erosion problems, and used as a 
management tool to guide the selection of practices to adequately control 
erosion. The USLE must reflect the influence of cover type and density, 
grazing practices, and mechanical treatments on erosion. However, the 
trend in erosion evaluation is to identify subfactors and their effects. 
For rangelands, some subfactors are obvious such as cover, erosion pave- 
ment, and roughness, but the complete set of subfactors affecting eras on 
on rangeland must be identified. Their effects must be quanti i an 
related to easily recognized features of common plant conununities, 

Ing practices, and mechanical treatments. Can 

erosion studies on cropland and forest land in the Eastern United States 
be transferred to Western rangeland? 

2. Erosion pavement. In some locations, selective 

by either wind, water, or both has left a gravelly ^ 
protects the soil from erosion. How effective is oj. 

should its effect be described — in the soil erodibility fa t 
the cover-management factor C? The curve in 

£or the effect of surface cover was developed mainly from data for sur 
face straw mulch. Does this curve apply to an erosion pavemen . 

3. cover. Cover is often the best ff?ecr;rosSn! 

are the characteristics of various kinds °f values related to 

how much do they affect erosion, and how are 
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plant characteristics that are easily measured and classified? Is per- 
cent ground cover an adequate measure for all types of surface cover, or 
is stone less effective than plant litter for the same percent cover? 

4. Nonuniform cover. Cover on some rangeland can be highly scattered and 
nonuniform. Some vegetation may be elevated above runoff on pedestals of 
sediment trapped from wind erosion. In other cases, the soil directly 
beneath some plants appears to be susceptible to erosion while the area 
between plants is protected by an erosion pavement. How can these 
effects be described, and how do they vary during the year? Are the size 
of bare areas and their relative positions important, or is percent cover 
alone an adequate measure of the effectiveness of ground cover? 

5. Roughness. Rangeland treatments, such as root plowing, and grazing can 
create roughness which can reduce erosion. What is the effect of rough- 
ness and how long does it persist? 

6. Soil disturbance. Root plowing and livestock traffic can expose and 

loosen soil and construction can remove an erosion pavement, all of which 
tends to increase erosion. How great are the effects of these soil dis- 
turbances and how long do they persist? 

7. Roots, Roots tend to hold soil particles together and provide organic 

matter when they decay. The role of roots, especially on Western range- 
land, is incompletely understood, although the assumed effect in the C 
factor values frequently used on rangelands is great. 

8. Freezing and thawing. Freezing and thawing occur on much Western range- 

land. Does this loosen soil making the soil more erodible? Does it 
offset adverse affects from soil consolidation by trampling of cattle? 
Some soils appear to be especially susceptible to erosion by rain when 
they are thawing. Knowledge on this effect is very incomplete. Further- 
more, C factor values for the thawing period or for erosion by snowmelt 

could be quite different from those for other periods when erosion is by 
raindrop impact and surface runoff from rainfall. 

9. Burning. Obviously burning removes cover which increases erosion. Also, 
burning over some soils greatly reduces their infiltration capacity which 
increases runoff and erosion. What are the factors responsible for the 
decreased infiltration and how important are they in the USLE? 

10. Infrequent storms. Storms in many parts of the West are highly nonuni- 
form in time and space, wiiich has a bearing on the applicability of the 
USLE (Trieste and Gifford, 1980) , Do infrequent and highly variable 
storms require C factor values that are more accurate with respect to 
specific conditions at the time and location of the storm than are 
required in the Eastern U. S.? What is the significance of antecedent 
conditions in the West, and how can that significance be described in the 
USLE, if it is important? 

11. P factors. Sometimes ridges, steps, and cowtrails develop on rangeland 
and divert runoff from a direct downslope path. When can these condi- 
tions be expected, what are their effects, and how can their effects be 
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described in the USLE? These features often reduce soil loss by reducing 
transport capacity of the runoff, and since the USLE is primarily an ero- 
sion equation, is a separate equation needed to describe the influence of 
these features on transport capacity? As a two-phase process, should a 
transport capacity equation be used to estimate the sediment load moving 
through the transport-limiting area where deposition occurs and should 
the USLE be used to estimate the sediment load delivered to the deposi- 
tion areas (Neibling and Foster, 1977)? 

12. Interaction of USLE factors. With two major exceptions, the USLE factors 
are generally assumed to be independent of each other. Values for C 
depend on the distribution of erosivity R over the year, and the slope- 
length exponent decreases with slope steepness below 5 percent. Several 
other potential inter ractions exist. The slope length exponent depends 
on relative amounts of rill and intertill erosion. A particular practice 
may be more effective on a soil susceptible to rill erosion than on one 
that is not susceptible to rill erosion. Therefore, C values might be 
different for the two soils. Significant improvement in estimating soil 
loss would likely require an erosion equation that considers intertill 
and rill erosion as separate terms. Furthermore, another equation would 
be required for conditions where transport capacity limits soil loss. 
The influence of interactions could be directly computed with these new 
equations. 

13. Relation of USLE factors to runoff. Erosion is related to runoff because 
runoff may detach soil and runoff is the dominant sediment transport 
agent. Even though values for the USLE erosivity factor are computed 
solely from rainfall variables, all of the USLE factors implicitly con- 
tain a runoff effect. For example, the C factor includes the effect on 
erosion of a reduction of runoff by a management practice. Erosion esti- 
mation for specific storms could be improved if the relation of runoff to 
erosion was better understood, and if the runoff effect in all USLE fac- 
tors was known. 


CONCLUSIONS 

These problems illustrate the need for expanded research in the West to 
validate existing or to develop new values for the USLE C and P factors. Two 
major research needs seem apparent. The first is to develop factor values for 
particular rangeland conditions. The second is to identify the influence of 
individual factors that can be used in a subfactor approach to estimate C and 
P for a given condition. A productive research approach is to conduct experi- 
ments that simultaneously contribute to both research needs. Of the problems 
listed above, my opinion is that the effects of cover including both vegetal 
and stone, the nonuniform distriution of cover, soil roughness, and soil dis- 
turbance are the most important study topics for immediate research. 
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A TEST OF THE USLE ON BARE AND SAGEBRUSH PLOTS IN UTAH 

Georqe E. Hart-i'^ 


STUDY AREA 

In June, 1980 a rainfall simulator {Lusby 1977) from the BLM Special Ser- 
vice Project, Denver, Colorado was used on eight "standard" plots (72.6 x 6 
feet) to evaluate factors in the Universal Soil Loss Equation (USLE) on range- 
lands. Due to limited time, only two conditions were examined; (1) low inten- 
sity rainfall (about l.l'Vhr for 60 minutes) on dry soil followed by (?) high 
intensity rainfall (about 2.2'7hr for 33 minutes) on very wet soil. The simu- 
lator had rainjet sprinkler heads which procuded a D^q of 1,75 mm at 28 psi; 
intensity was changed by adding additional sprinkler risers to the delivery 
system. Rainfall intensity was held constant through each event and monitored 
by a recording gage and can gages. Plots were bordered, and all runoff and 
sediment were collected in a large tank. Total oven-dry weights of sediments 
were obtained. 

The study area is situated about 20 miles northeast of Logan, Utah at an 
elevation of 6200 feet. The soil is a silt loam, typic argixeroll, a common 
soil in mountains of northern Utah, and a K value of .32 was assigned from the 
nomograph using particle-sizes from lab analysis. Four plots were on a gentle 
slope (11/i), and four were on a 32^^ slope about 100 yards away. 

Three surface conditions existed on the plots, both on gentle and steep 
sites: 

Fallow ; Bare soil produced by cutting sagebrush, removing roots, and 
rototillinq (6" deep) up and downslope. Root wads and larger stones removed by 
raking. Tilling was done four times over a 3-year period proceeding the test, 
one of which was a week before the test. The surface was not as rough as would 
be produced by agricultural tillage, but a C factor of 1.00 was assigned (four 
plots total) . 

Crusted ; Sagebrush removed, rototilled, and raked once in 1977. Regrowth 
killed by herbicide in 1978 and 1979 (not rototilled). A slightly compacted 
surface layer (1/4") has developed. Surface rock cover, about 1" diameter or 
less, occupies IS% on gentle slope and 32% on steeper plot. C assumed to be 
1.00 (two plots total). 

Vegetated : Sagebrush/grass cover, not grazed for 3 years but probably 
some residual compaction effect from former light-moderate grazing. Seventy- 

-'^Watershed Science Unit, Utah State University, Logan, Utah 84322. 
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five to 78/^ cover 1/2 meter high plus 5 to 11^ surface litter. Table 10, Agri- 
culture Handbook 537, was used to get C = .015 and .020. 


RESULTS 


Data on rainfall application, runoff, infiltration rate at the end of the 
run, and total soil loss per "storm" are shown in Table 1. In all runs, except 
two made during windy conditions, our actual rates of rainfall application were 
reasonably close to the desired rates of 1.1 and 2.2"/hr. Due to limited water 
supply and storage tank capacity, we could maintain the 2.2"/hr rate for only 
33 minutes. It is apparent that exceptionally low surface runoff and high 
infiltration rates occurred from runs on dry, fallow plots. This suggests that 
equilibrium conditions were far from being satisfied. Soil losses from the 
crusted plots always exceeded those from the fallow plots. Table 2 compares 
soil loss predicted by the USLE with measured loss. Factor values K = .32, P = 
1, and LS = 1.351 on 11% slope and 7.4 on 32% slope were used. Rain energy was 
calculated both by the (916 + 331 log I) method and directly by kinetic energy 
obtained from the drop diameter distribution of this simulator. Predicted 
losses were closer to measured losses when KE was used as an index to R, thus 
supporting the idea that kinetic energy is a more appropriate representation of 
rainfall erosivity when siitiulating individual storms. 


Table 1. — Intensity, runoff, and soil loss from erosion plots in northern Utah 



Condition 

Intensity 

Durat ion 

Rainfall 

Runoff 

Runoff Infiltration 
rainfall capacity 

Soil 

loss 



(in/hr) 

(min) 

(in) 

(in) 

(S) 

(in/hr) 

(T/ac) 





Low Intensity Rain on Dry Soil 




Fallow 

1.00 

60 

1.00 

,02 

2.2 

.97 

.024 

Gentle slope 

Fallow 

1.00 

60 

1.00 

.01 

1.3 

1,06 

.005 

( 10 -ns) 

Caisted 

.79 

60 

.79 

.04 

5.0 

.71 

.043 


Vegetated 

1.35 

50.7 

1.12 

.01 

.5 

1.32 

.004 


Fallow 

1.46 

61 

1.i|8 

.04 

2.9 

1.30 

,146 

Steep slope 

Fallow 

1,10 

58.5 

1.07 

.01 

.6 

1.09 

,011 

<31-32S) 

Crusted 

1.12 

58.5 

1.09 

.25 

23.2 

.76 

4.814 


Vegetated 

1.20 

60 

1,20 

.01 

.6 

1.19 

.006 





High Intensity Rain 

on Wet Soil 




Fallow 

2.14 

33 

1,18 

.42 

35.8 

,94 

2,846 

Gentle slope 

F allow 

2.00 

18 

.60 

— 

-- 

.54 

2,338 

(10-1ia) 

Crusted 

2.03 

33 

1.11 

.69 

61.9 

.52 

5.115 


Vegetated 

2.30 

33 

1.26 

.02 

1.5 

2.26 

,010 


Fallow 

2.27 

33 

1.25 

.41 

32.5 

1.32 

11.504 

Steep slope 

F allow 

2.28 

33 

1.26 

.54 

43.0 


9.513 

(31-52S) 

Crusted 

2.33 

33 

1.20 

.78 

60,9 

.85 

12.982 


Vegetated 

2.40 

33 

1.32 

.02 

1,4 

2.37 

,028 
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Table 2. — Comparison of predicted and measured soil loss 



Antecedent 

moisture 

Intensity 

Predict ecji^ 
loss KE 

E 

Measured 

loss 

2/ 

Difference 

*^^30 

KE 



(%) 

(in/hr) 

( 


—tons/acre 


— 

— ) 




Low Intensity Rain 

on Dry Soil 





fallow 

— 

1.00 

3,96 

2.42 

.02 

+ 3.9 

+ 

2,4 

Gentle slope 

fallow 

10 

1,Q0 

4,67 

3.05 

.01 

+ 4,6 


3,0 

(10- n?i) 

Crusted 

— 

,79 

2.38 

1,19 

.04 

+ 2.3 

+■ 

1.1 


Vegetated 

6 

1,33 

,09 

.06 

.004 

+ .09 


,06 


fallow 

11 

1.46 

49,66 

42.41 

.15 

+ 49.5 

+ 

42.3 

Steep slope 

f allow 

11 

1.10 

23.93 

16.69 

.01 

25,9 


16.7 

(31-3 25S) 

Crusted 

4 

1,12 

26,95 

17,64 

4.81 

+ 22.1 

+ 

12.8 


Veget ated 

4 

1,20 

.64 

.46 

.006 

+ ,63 

+ 

.45 




High Intensity Ram 

on Wet Soil 




fallow 

41 

2,14 

11,18 

7.21 

2,85 

+ 8.3 

+ 

4.4 

Gentle slope 

fallow 

47 

2,00 

5.26 

1.75 

2.34 

+ 2.9 

- 

.6 

(IQ-IISi) 

Crusted 

32 

2.03 

9.82 

6.06 

5.12 

+ 4.7 

+ 

,9 


Vegetated 

37 

2.30 

.20 

,13 

,010 

+ ,19 

-f 

.12 


fallow 

36 

2.27 

69.48 

47,03 

11.50 

+ 58.0 

+ 

35,5 

Steep slope 

fallow 

31 

2.28 

70,40 

48,05 

9,51 

+ 60,9 

+ 

38,5 

(31-32S) 

Crusted 

24 

2.33 

73,26 

50.63 

12.98 

+ 60.3 

+ 

37.6 


Vegetated 

26 

2,40 

1.56 

1.11 

,026 

+ 1.53 

+ 

1.08 


1 / • 

—'Soil loss predicted from USLE using two methods for estimating rain energy, E; 
E = (916 + 331 Ioq^qI) and KE ^ Other values in the USLE are the seme, 

2 / 

— Overestimates indicated by +, underestimates by -• 


In all tests except one, the USLE overestimated soil loss from the bare 
plots, and often, the errors were substantial (from 20 to 60 tons/acre, depend- 
ing on how R was calculated). Actual losses from vegetated plots were minis- 
cule, and the USLE predicted correspondingly small losses. Prediction was bet- 
ter for the higher intensity events on wet soil. This implies that conditions 
of higher intensity rainfall on moderately wet soils on qentle slopes better 
approximate conditions under which the factors in the USLE were originally 
developed. But these are not the prevailing conditions of soil moisture and 
slopes on western rangelands. 

A third observation that can be made from Table 2 is that prediction is 
poorer on the steeper site than on the gentle site for all surface conditions. 
Because all plots were of standard length, the weakness is probably in the 
slope factor. For these uniform slopes, LS values of 1.35 and 7.4 were used 
from the slope-length chart (Agriculture Handbook 537); this factor was 5.5 
times greater on the 32% slope than on the 11% slope. Measured losses on both 
the dry runs and wet runs averaged only 4.0 times greater on the 32% slope with 
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all other factors the same. 

The most difficult factor to properly index was the C factor. This is the 
most sensitive element in the USLE because of the extremely wide ranqe (1000- 
fold) of possible values. A rough idea of the appropriateness of C values 
(Table 10, Agriculture Handbook 537) used in this study can be obtained by 
"backward" solution of the USLE using measured values of soil loss as A and 
finding the cover factor, C, necessary to obtain the measured loss. 

For sagebrush/grass cover, computed C values were; 


Gentle Slope 

C' 



Cry soil; low rainfall intensity 

Wet soil; high intensity 

.001 

.003 



Steeper Slope 




Dry soil; low intensity 

Wet soil; high intensity 

.001 

.002 



These calculated values are quite consistent and are about 10 times small- 
er than the values of .015 to .020 obtained from the table. The vegetation 
management method of combining subfactors of canopy (Type I), litter (Type II), 
and residual fine roots (Type III) produced a C factor of .12. Although, per- 
haps, a 10-fold overestimate may result from incorrect assessment of the C fac- 


tor at very high cover densities, the absolute values of errors in tons/acre 
are small and are not very important in a land management context. 


At the other end of the scale are bare, or nearly bare, conditions which 
are extremely important in wildland environments as potential nonpoint sources 
of sediment pollution. Such conditions are common and are caused by wildfire, 
road construction, some logging practices, severe overgrazing, concentrated 
recreational activities, landslides, and surface mining. Again, by backward 
solution of the USLE using measured soil loss as the A term, we obtain the fol- 
lowing C values for completely bare surfaces: 


Gentle Slope 


C 


Dry soil; low intensity 

Wet soil; high intensity 
Steep Slope 

Dry soil; low intensity 
Wet soil; high intensity 


Fallow .006 
Crusted .022 

Fallow 1.20 
Crusted 1.90 


Fallow .007 
Crusted .33 

Fallow .63 
Crusted .76 
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The low calculated C values (.006, .007, .002, and .33) for low intensity 
rain on dry fallow or crusted surfaces indicate that a C value of 1.00 overes- 
timates soil losses under dry conditions substantially. When plots were wet, 
calculated C values were closer to 1.00 (.63 and 1.20 for fallow plots and 
.76 and 1.90 for crusted plots). The disparity in C between dry and wet soil 
conditions indicates that antecedent moisture is not adequately indexed by the 
conventional methodology of the USLE. Original development of the factor val- 
ues for K and C were based on long-term annual measurements of soil loss in a 
more humid region than the intermountain region. Thus, we find a closer approx- 
imation of calculated C values to 1.00 for bare surfaces with wet soils. 

C' values were always higher for plots with crusted surfaces than for 
those rototilled fallow plots. If a C value of 1.00 is assumed for bare, fal- 
lowed surfaces, a value for the chemically bared, undisturbed surface of 1.2 to 
1.6 would be appropriate. C values of 1,2 to 1.3 have been proposed for high- 
way construction sites which are scraped and compacted by bulldozer. 


CONCLUSIONS 

Limited tests of the USLE were made on standard plots on a mountain range- 
land site in Utah using a rainfall simulator. Although far from conclusive, 
the tests point to several problems which may be important when using the USLE 
on range and forestlands in the West. 

1. Closer prediction of measured soil loss occurred for higher intensity 
rainfall (about 2.2'7hr for 33 minutes) on previously wetted bare soil than for 
lower intensity rain on very dry soil. Effects of antecedent moisture can be 
important and are not taken into account for individual events. 

2. Existing tables, or methods, for determining K values and C values 
(particularly C values in the bare, fallow condition) do not adequately repre- 
sent wildland soils and cover. The substantial overestimates by the USLE seem 
mostly attributed to these factors. 

A major research need is to establish baseline values of soil losses per 
unit of R under standard conditions of a bare, but uncultivated, surface. 
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USE OF RAINFALL SIMULATORS TO DETERMINE PARAMETERS FOR EROSION PREDICTION 


John M. Lafleni^ 

INTRODUCTION 

Rainfall simulators are necessary to determine Universal Soil Loss 
Equation (USLE) parameters for a rapidly changing, unpredictable agriculture. 
For example, we are going to need cropping management factors for narrow-^row, 
no-till soybeans in the Corn Belt within five years. If we produce oil from 
sunflowers in the Corn Belt, x^e’ll need estimates of cropping management 
factors at various crop stages for several tillage systems. 

Presently, we can make reasonable estimates of the value of various 
factors in the USLE for many conditions. These can be validated, if sufficlen 
natural-rainfall erosion studies have been conducted. In today’s era, the 
scientist or research organization seldom can collect data without a clearly 
defined, specific purpose, nor, can the data collection period much exceed 
five years. The rainfall simulator is a necessary tool (some say a necessary 
evil) in empirical and basic studies of soil erosion. 

There are several models of rainfall simulators. In this paper, I’ll 
discuss studies in which ’’larger” (plots with a minimum of 10 m length) 
simulators that have rainfall energies and intensities near that of natural 
rainfall are used. I will not attempt to review the many papers dealing with 
the attributes of various rainfall simulators; much of this has been reported 
by others (Meyer and McCune, 1958; Meyer, 1960, 1965; Mech, 1965; Mutchler and 
Hermsmeier, 1965; Palmer, 1965; Swanson, 1965; Bubenzer and Meyer, 1965; USDA, 
1979). 

My objective is to summarize the methods and procedures that others have 
used in determining USLE parameters by using rainfall simulators. Simulators 
have been used most for soil erodibillty and cropping management factors and, 
to a much lesser extent, for length-slope factors. This reviex^ will be con- 
fined to soil erodibillty and cropping management studies. 


^/John M. Laflen is an Agricultural Engineer with the Science and 
Education Administration, U.S. Department of Agriculture, Ames, Iowa, 50011. 
"his article is a contribution from SEA, USDA and Iowa State University, 
ournal Paper J-10276 of the Iowa Agriculture and Home Economics Experiment 
tation, Ames. Project 2450. 
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SOIL ERODIBILITY STUDIES 


The rainfall simulator has been used extensively to collect soil 
erodibility data (Wxschmeier and Mannering, 1969; Wischmeier et al. , 1971; 
Barnett et al.j 1965; Young and Mutchler, 1977; Barnett and Rogers, 1966; 

Romkens et al. , 1975; Barnett et al,, 1971; Barnett and Dooley, 1972; and 
Dangler et al., 1976). Plot preparation in nearly all studies has consisted 
of removing existing vegetation, tillage that included disking and inversion 
of the soil, and until the tests were performed, continued tillage (usually 
disking) to control vegetation. 

Rainfall simulator storms have been somewhat similar. Most storms have 
been at 6.4 cm/hr, Barnett et al. (1971) in a Puerto Rican study applied one 
storm at 12.7 cm/hr. They also simulated a ’'hurricane" storm at an intensity 
of 30,5 cm/hr. 

Storm sequences have varied somewhat. Most studies have involved two 
storm periods about 24 hr apart. Wischmeier and Mannering (1969) applied a 
60-Tnin storm at 6,4 cm/hr, and then, about 24 hr later, applied two 30-min 
storms, 15 min apart, both at 6.4 cm/hr. Young and Mutchler (1977) followed 
a very similar arrangement, except on the second day, their rain was continuous 
for 1 hr. Dangler et al. (1976) followed a similar procedure, except that 
they applied 2 hr of continuous rainfall on each of two consecutive days. 

Barnett et al. (1965) and Barnett and Dooley (1972) applied a similar amount 
of rainfall (2 hr at 6.5 cm/hr) as did Wischmeier and Mannering (1969), but 
there were four 30-mln storms with 10 min between storms. 

Most data have been adjusted by using USLE length-slope and cropping 
management factors. Although the length-slope adjustment may involve little 
judgment, selection of the appropriate cropping management factor would be 
difficult and subject to considerable judgment. 

Wischmeier and Mannering (1969) and Barnett and Rogers (1966) did not use 
USLE factors for data adjustment. Barnett and Rogers reported their data as 
unadjusted soil loss/EI and related this to a number of independent variables, 
Wischmeier and Mannering related soil loss from each storm for all plots to a 
number of Independent variables. Wlien an equation that explained more than 95 
percent of the plot-to-plot variance for that storm was derived, the equation was 
solved for soil loss expected from that storm for each plot by using unit plot 
specifications and average values of time-dependent variables. 

Soil erodibility values have been determined in several different ways 
by using adjusted data from a series of rainfall simulator storms. Wischmeier 
and Mannering (1969) regressed soil loss on El for each soil in their study 
on 55 soils. They had four data points for each soil representing individual 
storms and combinations of Individual storms. The erodibility value for a 
soil was defined as the slope of the regression line, Barnett et al. (1971) 
also determined soil erodibility values by using a similar regression method, 
but on data adjusted by using USLE adjustments. 

Wischmeier et al. (1971) used data from the study by Wischmeier and 
Mannering (1969), except for four soils, to develop the soil erodibility 
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nomograph. However, they weighed the adjusted soil loss (adjusted to unit*- 
plot conditions by using generally accepted relationships) to place soil 
erodiblllty values ’’more nearly on an annual basis." They did this by 
computing a K based on soil loss and ET by combining 13 of the first, 7 of the 
second, and 3 of the third storm. Barnett et al. (1965) and Young and 
Mutchler (1977) also weighted their storms to arrive at an annual K-value, 
but their weightings were different from those of Wischmeier et al, (1971). 
Weightings were selected on the basts of the climate of the regions where the 
data were collected. 


CROPPING MANAGEMEOT STUDIES 

The rainfall simulator has been used extensively to study the effect of 
cropping and tillage on soil erosion, (Meyer et al. , 1970; Mannerlng and 
Meyer, 1963; Mannerlng and Meyer, 1961; Mannering et al. , 1966; Mannerlng 
and Johnson, 1969; Mannering et al. , 1964; Mannering et al. , 1968; Swanson 
et al., 1965; Wischmeier, 1973; Young et al. , 1964; Siemens and Oschwald, 

1978; Johnson and Moldenhauer, 1979; Moldenhauer et al. , 1971; Laflen et al, , 
1978; Laflen and Colvin, 1981). Studies have been conducted on plots treated 
nearly like a typical cropped field and on plots where treatments did not 
resemble those for a typical field. 

Field-sized machinery usually is used where prepared plot conditions need 
to be similar to the field condition for the treatments under study. Most 
studies are performed up-and-down hill so that the unknown effect due to 
contouring on small plots can be eliminated (Meyer, 1960). Some studies 
have been on the contour (Siemens and Oschwald, 1978; Wischmeier, 1973; 

Swanson et al., 1965). 

A large number of the studies have been performed by using a common 
storm arrangement of a 60-mln storm, followed about 24 hr later by two 30- 
min storms separated by a 15-mln period, all at an intensity of 6.4 cm/hr. 

There seems to be little particular reason for this procedure, other than 
that it gives a good range of antecedent moistures. 

Other storm arrangements have included a constant rainfall intensity 
until runoff achieves a constant rate (Siemens and Oschwald, 1978; Laflen and 
Colvin, 1981). Wischmeier (1973) used two 60-min storms separated by a 15- 
min period. 

Generally, studies have been conducted at an intensity of about 6.4 cm/hr. 
Exceptions would include those of Swanson (1965), Moldenhauer et al. (1971), 
Young et al. (1964) and Laflen et al. (1978). All these but Young et al. had 
a 1,4 hr rainfall at 6.4 cm/hr, and, the next day, had a 1-hr rainfall of 
5.4 cm/hr followed by either a 0.3- or 0.5-hr storm at 12.7 cm/hr. Young et 
il. (1964) applied rainfall at 3.2 cm/hr for 0.5 hr and then at 6.4 cm/hr for 
mother 0.5 hr. About 24 hr later, they applied another rainfall of 3.2 cm/ 
ir for 0.5 hr, 6.4 cm/hr for 0.25 hr, and then 3.2 cm/hr for 0.5 hr. 

Cropping management factors have not been directly computed from rainfall 
nulation results, even though all the factors involved in determination of 
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a C^value are measured in most studies. C-values are derived on the basis of 
the ratios of soil loss from the treatment to soil loss from a treatment with a 
given C“value. This procedure reduces the effect of antecedent moisture, which 
makes it difficult to directly compute accurate C-values. I have directly 
computed C-values for some studies. These values vary widely for similar treat-- 
ments and crop stages on different soils and slopes* 


TOWAKD NEW METHODS 


Erosion prediction in the future will be based more on fundamental, as 
opposed to empirical, relationships derived on the basis of mathematical 
descriptions of the erosion process. Currently, the erosion process is 
described as rainfall detachment and transport (interrill erosion) and runoff 
detachment (rill erosion) and transport. The USLE is an excellent tool for 
describing the effect of major factors on soil erosion from a user^s viewpoint, 
but, to provide reliable information quickly, the more basic relationships are 
needed to generate values for use in the USLE and for tying together the impact 
of practices on sediment yields downstream- Likely, the concepts presented by 
Foster et al. (1977a, b) will serve as a useful framework for research for 
several years. Experiments will be most useful that collect data to fit into 
these basic models. 


The Foster et al. (1977a) model gives the interrill detachment rate as 


I(bS -h c) 


( 1 ) 


where K. is a soil erodibility term for interrill erosion, I is a measure of 
the potential for raindrop impact and interrill flow to detach and transport 
soil, S is slope steepness, and b and c are coefficients. Rill detachment 
(D^) is given as 


D 


r 


a 

s 


<Ce - ':cr> 


( 2 ) 


where a is a factor relating to the surface's susceptibility to rill detach- 
ment, ? Is effective shear stress, ? is a critical shear stress, and ? Is a 

constant, Foster et al. assumed C to be zero and assumed ? had a value of 

^ cr 

3/2. It was then possible to derive an erosion equation of the form 


G = X2 K^(aS®)Fj.C^P^ + XlC^(bS + c)I^C^P^ (3) 

where X is slope length, K Is a rill erosion soil factor, S is slope steep- 
ness, and 1^ are runoff and rainfall erosivity factors, C^. and are 
cropping management factors for rill and interrill erosion, and are 
supporting practice effects on rill and interrill erosion, a, b, c, and e 
are coefficients and G Is total sediment load from X. By dividing by X, 
erosion in terms of mass/area is given. Considerable simplification has 
occurred to arrive at these equations. 

We have been conducting rainfall simulation studies where data are col- 
lected to use in Equation 3 and so that parameters are acquired for the USLE. 
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In these studies, erosion is expressed as the erosion from the lowest length L 
of a longer lengh X, On L, a rainfall simulator is used and flow is added at 
the upper end of L to simulate the flow from (X-L) . From Equation 3, erosion- 
measured on h can be written as 

= (2XL - L^) (K^aS®Fj.C^P^) + K.(bS + c) (4) 

where L is plot length, and G Is the total erosion load from L. If Equation 4 
is valid and the only factor changing is the simulated length X, then, 

= a’ + b'X (5) 

where 

b' « 2LKj.aS®F^C^P^ (6) 


and 


a* = K^<bS + c)Ij.C^P^L - K^aS®Pj.C^P^L2 


( 7 ) 


Some of our work is reported by Hussein (1978), 

Generally, results where flow is added at different rates at the upper end 
of a runoff plot during rainfall simulation have been good. Water has been 
added at the end of the usual rainfall simulation when runoff rates are a 
constant, The simulation is continued without interruption and water is added 
uniformly across the upper end of a plot. When flow rates equilibrate at the 
lower end of a plot, flow rates are measured, and samples collected. Flow onto 
the upper end is increased, and the process repeated. This is continued until 
the maximum plot length desired has been simulated. 


Flow rates being added at the upper end, (q ) 
flow rate at the end of the regular simulation is q 
(X) is given as / 


X L 


1 + q. 


are measured. If the runoff 
the length being simulated 


( 8 ) 


where L is plot length. Water is added in such a manner that scouring due to 
the mechanism of flow addition is minimized. The maximum length simulated is 
generally in the order of 10 times the plot length (L) . 

We have simulated lengths in studies involving fallow plots, row-crop 
plots at several stages of growth, and small-grain plots. The only time that 
we We felt uneasy about the results have been on fallow plots at high slopes 
when we We caused tremendous erosion. In some of these cases, the erodibillty 
of the soil has changed because of deep rilling. Under most cropped condi-^ 
tions, we We found that Equation 5 fits our data nicely. We have had good 
success relating the slope of Equation 5 to residue cover, but poor success In 
relating the intercept to residue cover. There is considerable variability 
in this type of data, and intercepts cannot always be estimated reliably. 
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SUMMARY 


I've tried to review a wide enough range of papers to give the reader a 
range of experiences regarding procedures for plot preparation, rainfall simu- 
lation and data adjustment. No universal procedures can be recommended for 
plot preparation, rainfall simulation, or data adjustment, for these must be de 
termlned for the study conditions and based on application of the study results 
I have focused my review on studies in which simulators have been used on plots 
at least 10 m long. 

No one (at least that I have found) has reported cropping management 
factors for the USLE directly from a rainfall simulation study. Values are 
generally relative to a treatment having a known C-value, 

Studies should be designed and conducted to gain data for mathematical 
models describing the erosion process. We have found length simulation during 
rainfall simulation to be highly useful. 
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ESTIMATING SEDIMENT YIELD, . 
FROM RANGELAND WITH CREAMS"^^ 

G. R. Foster L. J. Lane^^ 


ABSTRACT 

The erosion/sediment yield component of CREAMS, a field-scale model for 
Chemicals, Runoff, and Erosion from Agricultural Management Systems, may be 
used to estimate sediment yield from small rangeland watersheds. The com- 
ponent operates on a storm-by-storm basis using rainfall erosivity, runoff 
volume, and a characteristic runoff rate. It applies to a broad range of 
management practices and considers the influence of topographic features on 
erosion and deposition along concave, convex and complex slopes; deposition by 
backwater at field outlets; and erosion and deposition in natural and con- 
structed waterways. Enrichment of the sediment by fines is computed when the 
model computes deposition. Validation studies have shovm that the model gives 
reasonable results for agricultural areas with little or no calibration. 


INTRODUCTION 

CREAMS, a field-scale model for Chemicals, Runoff, and Erosion from Agri- 
cultural Management Systems {USDA, 1980) , may be used to estimate sediment 
yield from small rangeland watersheds. The model has three separate com- 
ponents: (i) hydrology, (ii) erosion/sediment yield, and (iii) chemistry. The 
hydrology component estimates runoff amount, peak runoff rate, and storm ero- 
sivity using data for daily, hourly, or breakpoint rainfall. Runoff estimates 
from daily rainfall are based on the SCS curve number method and those from 
hourly or breakpoint rainfall are based on a modification of the Green-Ampt 
infiltration equation (Smith and Williams, 1980). The chemistry component 
describes the movement of soluble and sediment-adsorbed plant nutrients (Frere 
et al., 1980), pesticides, herbicides, and other similar chemicals (Leonard 
and Wauchope, 1980) from field-sized areas. 
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The erosion/sediment yield component of CREAMS {Foster et 
orqinally developed for agricultural fields but has sufficient generality to 
apply to rangelands, disturbed forest areas, construction sites, and surface 
mines. The component also applies to a broad range of conservation _ practice 
including conservation tillage, rotations, contouring, stripcropping, ter- 
races, grassed waterways, and small impoundments. It considers -le in uence 
of topographic features on erosion and deposition along concave, convex, and 
complex slopes; deposition by backwater at field outlets; and erosion and 
deposition in natural and constructed waterways. The model has overland flow, 
concentrated flow, and impoundment components to represent the major hydrolo- 
gic, hydraulic, erosion, deposition, and sediment transport processes on 
field-sized areas. Both absolute and relative erosion and sediment yield 
estimates for a specific site and practice are reasonably accurate (Foster et 
al., 1980a; Foster and Ferreira, 1981). Parameter values require little or no 
calibration, and their selection is relatively easy (Foster et al., 1980b). 
Since the model uses runoff volume, rainfall erosivity, and a characteristic 
runoff rate to compute an average sediment concentration for each storm, com- 
puter time required to simulate a record of 20 or more years of individual 
storms is much less than that required by a similar fully dynamic model that 
time-steps through each storm. 


BASIC RELATIONSHIPS 

The model computes detachment, sediment transport, and deposition on a 
storm-by-storm basis. Quasi-steady flow is assumed, and sediment is routed 
through overland flow and concentrated flow areas. 

The basic equation of the model is for continuity and is given by: 

dq^/dx = Dj^ + Dp [1] 

where q - sediment discharge, x = distance, Dj^ = rate of lateral inflow of 
sediment, and Dp = rate of detachment or deposition by flow. Rate of deposi- 
tion is given' by: 

Dd=^(Tc-q5) [2] 

vdiere T^ = transport capacity and the coefficient c( is given by: 


c( = a Vg/q [3] 

where a = 0.5 for overland flow and 1.0 for concentrated flow, V = fall velo- 
city of a sediment class, and q = rate of runoff. Sediment transport capacity 
is estimated with the Yalin equation (Yalin, 1963; Foster and Meyer 1972) 
modified for nonuniform sediment (Foster et al., 1980c). Flow hydraulics are 
computed with the Manning equation, and shear stress is distributed between 
jround cover and the soil according to sediment transport theory. The shear 
stress acting on the soil is that portion of the total shear stress that is 
'esponsible for sediment transport. 
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Sediment is assumed to be detached as a mixture of several classes of 
primary particles and aggregates. The model computes the segregation of the 
classes and enriciiment of fines during deposition (Foster et al., 1980d) . 

Detachment on overland flow areas is computed separately for interrill 
erosion, which is principally by raindrop impact, and rill erosion, wliich is 
principally by flow, by using a modification of the Universal Soil Loss Equa- 
tion (Wischmeier and Smith, 1978; Foster et al., 1977; Foster et al., 1980b). 
Detachment by concentrated flow in waterways is computed with an excess 
shear-stress type equation where the critical shear stress is a function of 
soil type, tillage, and recency of tillage (Foster et al., 1980b). Deposition 
in small impoundments where outflow is controlled by an orifice is described 
with an exponential relationship that is a function of sediment fall velocity, 
impoundment geometry, infiltration within the impoundment, and orifice diame- 
ter (Foster et al., 1980c). 


APPLICATION TO RANGELANDS 

The erosion/sediment yield component of CREAMS can be applied to small 
rangeland watersheds. The same general size limitations that apply on cul- 
tivated agricultural areas also apply on rangelands. Watershed areas are lim- 
ited in size by the assumption of uniform rainfall and runoff. Soil, cover, 
and topography may vary along the slope, but not laterally within the 
watershed. The channel network is represented by a simple main channel or a 
main channel and several, similar contributing channels analogous to a terrace 
channel system or furrows in row crops contributing to an outlet channel. The 
size of the area to which the erosion/sediment yield component of CREAMS 
applies varies with the situation, but 100 acres is a general upper limit. 

The model can be used to evaluate erosion and sediment yield under 
current conditions and under proposed alternative managment practices such as 
different grazing intensities, different types and percentages of vegetative 
cover, and different surface roughnesses and soil disturbances from mechanical 
treatments such as root plowing. CREAMS can also describe the influence of 
slope shape, especially its effect on deposition on concave slopes and 
increased erosion on steep portions of convex slopes, and the variation in 
erosion and deposition due to changes in soil, cover, and roughness along a 
slope. The model can also be used to estimate erosion or deposition in water- 
ways or channels within small watersheds. The effects of spatially varied 
flow in channels is simulated to account for the influence of changes in chan- 
nel slope, increase of flow rate in the downstream direction, and localized 
flow controls at the outlet that cause backwater. Such controls can signifi- 
cantly reduce transport capacity, causing a great reduction in sediment yield 
due to deposition by the backwater immediately upstream of the control. 

An advantage of CREAMS for application to Western rangeland is that it 
more accurately estimates erosion and sediment yield for individual storms 
than does the Universal Soil Loss Equation. Ibis is especially important 
because a very few, even one or two, storms can dominate annual erosion for 
many Western sites. CREAMS is also more accurate than the USLE for surfaces 
where transport capacity limits sediment yield because CREAMS treats transport 
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separate from detachment, v^ile the Universal Soil Loss Equation lumps these 
two separate processes together. 

Application of CREAMS to rangeland is not without difficulty because 
values for some parameters are either unknown or have not been validated for 
certain conditions. For example, soil erodibility factor values have not been 
measured for many Western soils. Also, the effects on erosion processes of 
erosion pavement and clumped, isolated vegetation have not been evaluated. 
Critical shear stress and channel erodibility factor values are not readily 
available for natural channels in rangelands. However, CREAMS is a state-of- 
the-art erosion model. These same difficulties exist with other erosion 
models (Foster, 1981) that might be used. New parameter values specifically 
for rangelands can readily be used in CREAMS as soon as research defines them. 


SUMMARY 

The erosion/sediment yield component of CREAMS, a field-scale model for 
Chemicals, Runoff, and Erosion from Agricultural Management Systems, with ele- 
ments for overland flow, concentrated flow, and small impoundments, can be 
used to estimate erosion and sediment yield from rangelands. It operates on a 
storm-by-storm basis using rainfall erosivity, runoff volume, and a charac- 
teristic runoff rate. Sediment is routed downslope using equations for con- 
tinuity, detachment or deposition, and sediment transport capacity. Sediment 
is assumed to be composed of both primary particles and aggregates. 

Validation studies have shown that the model can give reasonable results 
for agricultural conditions with little or no calibration. The same is 
expected for rangelands, particularly after research more precisely defines 
parameter values for soil erodibility, erosion pavement, and other features 
unique to Western rangelands. 
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MODELING EROSION IN OVERLAND FLOW 


L. 


J. Lane and E. Dt 


Shirley—^ 


INTRODUCTION 

Overland flow on a plane is a function of time and space and is often mod- 
eled using the kinematic wave equations (Henderson and Wooding 1964; Wooding 
1965a, 1965b, and 1966)* A kinematic flow number, as a criterion for accuracy 
of the kinematic approximation to the unsteady flow equations, was developed by 
Woolhiser and Liggett (1967), who found that the approximation was accurate 
under conditions representative of many overland flow surfaces (Woolhiser 
1974) • The kinematic wave equations were derived for flow on smooth planes but 
have been shown to apply on many irregular surfaces where the mean velocity per 
unit width is proportional to the storage in an incremental area. Such surfaces 
include simple upland areas typical of many natural watersheds (Woolhiser, 
Hanson, and Kuhlman 1970). 

Erosion on upland areas is conceptionalized as rill and interrill erosion 
(Foster and Meyer 1971; Foster, Meyer, and Onstad 1977). Interrill erosion Is 
assumed due to Impact of raindrops and associated transport overland. Rill 
erosion is assumed due to soil detachment and subsequent transport by flow in 
rills or small channels. Hjelmfelt, Piest, and Saxton (1975) give a partial 
solution to the coupled runoff and erosion equations that are described herein. 


THE MODEL 


The kinematic wave equations for overland flow on a plane are: 


and 



3x 


R, 


q = Kh*" 


( 1 ) 

( 2 ) 


Where h, q, and R are, respectively, the depth of flow, runoff rate per unit 
width of the plane, and rainfall excess rate. The coefficient K is a parameter 
including slope and roughness, and m is an exponent reflecting the flow type 
(laminar or turbuiant) and the roughness-velocity relationship (Manning or 
Chezy equation) 


Given overland flow as described above, interrill erosion rate is assumed 
as 


—^Hydrologist and mathematician, USDA-SEA-AR, Southwest Rangeland Water- 
shed Research Center, 442 East Seventh Street, Tucson, Arizona 85705. 
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(3) 


= 


KjR 


and rill erosion rate is assumed as 


% - %(Bh^ - qg) (4) 

where Kx , and B are, respectively, interrill coefficient and rill coeffici- 

ents* The exponent a is usually assumed equal to m, which also facilitates 
solution of the equations- The sediment discharge per unit width of the plane 
is 

qs “ cq (3) 


where c is sediment concentration. Notice that the variables defined by Eqs. 1 
thru 5 are functions of time, t, and distance, x, down the plane. 


Using the above equations, Shirley and Lane (1978) derived a sediment 
yield equation by integrating, with respect to time, the sediment continuity 
equation 


9(ch) Bqg 


El + Er 


( 6 ) 


to produce a sediment yield equation as a function of position on the plane. 
The resulting equation for sediment yield per unit width of the plane, Qs(x), 
as a resultant of constant and uniform rainfall excess is 

Qg(x) = Q(x) l| + (Ki- |)(L^ )] (7) 


where Q(x) is runoff volume per unit width of the plane, and the other vari- 
ables are described earlier* Equation 7 expresses the influence of slope 
length (x) on sediment yield in overland flow* 


PARAMETER ESTIMATION 

The runoff model has two parameters, K and m. Procedures for estimating 
K, and thus determining m, are summarized in Table 1. Under circumstances 
where observed runoff data are available, optimal parameters can be determined 
by fitting simulated runoff rates to corresponding observations. The paramet- 
ers to be determined for the erosion equations are Kp, and B. These 
could also be estimated using optimization and available sediment concentration 
data* 


Concentration as a function of t and x has been derived and evaluated to 
produce three equations in three unknowns (Shirley and Lane, 1978, Eqs. 28 thru 
30) ♦ Initial concentration “ C(t == o,x) can be estimated by extending ob- 
served sediment concentration data back to the t o axis on a plot of concen- 
tration versus time. Mean concentration can be estimated as the observed sedi- 
ment yield divided by the observed runoff volume C - Qg/Q- Also, the final con- 
centration, Coo, can be estimated by extending the plot of observed sediment 
concentration through the hydrograph recession until the end of the event on a 
plot of concentration versus time. 
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Table 1. — Hydraulic resistance parameters for steady-state turbulent flow over 
the indicated surface (after Woolhiser, 1974 and Lane et al. , 1975) 


Overland 

Roughness 

condition 

flow surface 

Type 

Approximate range in 
parameters 

Manning^ 

resistance 

1 

Chgzy^ 

Very smooth 

Concrete, asphalt 

0.010 - 

0.013 

60 - 45 

Smooth 

Bare sand 

0.010 - 

0.016 

60 - 37 


Eroded bare soil, 
small gravel 

0.012 - 

0.033 

50 - 20 

Moderate 

Sparse vegetation, 
rangeland 

0.050 - 

0. 130 

14 - 5.7 

High 

Short grass prairie, 
good grass 

0.100 - 

0.200 

7-4 

Very high 

Dense grass, sod 

0.170 - 

0.400 

4.5- 2 


^English units are used in this table and in the references cited. 


^For turbulent flow, K becomes: K = 5 / 3 , 

n ’ 

^For turbulent flow, K becomes: K = = 3/2. 


The corresponding equations from the model are: 

Co = Ki, (8) 

_ -Krx 

C = - + (Ki - ), and (9) 

K K %x 

Ccc - + (Ki - ^ (10) 

Given estimates of Cq, C, and Qjo from the observed data, they are set equal 
to the corresponding values from Eqs. 8 thru 10, and the resulting equations 
are solved simultaneously for Kj, K^, and B# 

APPLICATION TO RANGELANDS 

Data used are from the Walnut Gulch Experimental Watershed operated by the 
U*S* Dept, of Agriculture. A detailed description of this research facility is 
given by Renard (1970). Generally, surface runoff on Walnut Gulch results from 
short duration thunderstorms during the summer rainy season. The area is 
described as semiarid rangeland. 

To satisfy the model assumptions, a rainfall simulator was used to obtain 
runoff and sediment concentration data from a small plot. In addition, data 
were selected from a 1.3^ha watershed on the Walnut Gulch Experimental Water- 
shed (Shirley and lane 1978; Smith 1976). The plot data were used to test the 
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derived solutions for consistency and reasonableness with observations. The 
watershed data were used to test the solutions for consistency and to determine 
If the model might have applications for natural watersheds# 

The rainfall simulator used is a portable version of the Colorado State 
University apparatus (Dickinson, Holland, and Smith 1967). The portable simu“ 
lator is described in detail by Lusby and Toy (1976)# The artificial rainfall 
is produced at a rate of about 50 mm/hr# Analysis of drop-“Size distribution 
and raindrop velocities indicated that the artificial rainfall has about 30% to 
A0% of the kinetic energy of natural rainfall (Neff 1978). This reduction in 
rainfall energy is reflected in the interrill erosion parameter, as discussed 
later. 

A 22.1 by 6# 1 m plot (Lucky Hills Plot) was instrumented to obtain con- 
tinuous runoff records and sediment concentration data at 1-min intervals 
throughout the overland flow hydrographs. The plot had a slope of 7% and 
closely approximated an overland flow plane. By making a series of closely 
spaced runs on the plot, it is possible to approximate the constant, uniform 
rainfall excess pattern assumed in obtaining solutions to the equations. This 
procedure was followed to obtain data from the runoff plots. The plot was 
established in an undisturbed area adjacent to Watershed 63.101, described 
below. In a preliminary effort to calibrate the rainfall simulator, a 22.1 by 
9.1 m plot (Monti jo Plot), with a slope of 2%, was instrumented. Limited run- 
off and sediment data were also obtained from this plot. 

Examples of rainfall, runoff, and sediment concentration data for the 
Montijo and Lucky Hills plots are shown in Fig. 1. Also shown in Fig. I are 
the resulting simulated hydrographs and sediment concentration graphs for the 
runoff-erosion model. These two events were selected to show cases where the 
runoff peak rate was under and overestimated, and where there was a relatively 
poor and good fit, respectively, to the observed sediment concentration data. 

Optimal parameters (K, K^;, Kj^, and B) were determined for each of nine 
events from the Lucky Hills Plots, as summarized In Fig. 1. stated earlier, 
the product of the runoff volume and mean concentration, Q c, is the sediment 
yield for the individual event; 


Qs - Q g ■ Ql| i-(Ki - kX -4 

where Qg is sediment yield in kg and Q is runoff volume in . The regres- 
sion equation relating computed sediment yield, Y, and observed sediment yield 
is : 

Y - -0.007 + K09Qg (12) 

with = 0.99* Equation 12 represents a very good fit, although the optimal 
parameters were determined from fitting sediment concentration data instead of 
total sediment yield. Using the mean values of the optimal parameters (K - 
1.66, Kx == 0.87, Kr - .19, and B = 0.027) results in the regression equa- 
tion; 

Y - -0.017 + 1.58 Qg (13) 
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with - 0#99* The coefficient in this equation represents a significant bias 
in the computed sediment yields* Thereforej the means of the optimal parame- 
ters from fitting individual events produced larger errors than were obtained 
by letting the parameters vary from event to event* 

Simulated concentration data matched the observed sediment concentration 
data quite well (Fig* 1) and, using optimal parameter values, computed sediment 
yields compared favorably with observed sediment yields. Thus, the runoff-ero- 
sion model appears to adequately simulate overland flow and erosion on the 
experimental plots. 

A small (1.3-ha) watershed, called Lucky Hills Watershed 1 (63.101), was 
selected for additional analysis. This watershed is instrumented with a record- 
ing raingage, broad-crested v-notch weir, and a water-level recorder. During 
periods of ephemeral flow, pump-type (suspended sediment) samples are taken at 
3-min intervals throughout the duration of runoff. This 1.3-ha watershed was 
approximated as a plane of length 194 m, width of 67 m, and a total relief of 
7.8 m. A more complex representation of this watershed was presented by Smith 
(1976) wherein the watershed was represented by overland flow planes contribu- 
ting to a small channel. Smithes simulation results agreed quite well with 
measured runoff and sediment yield data. However, his simulated raindrop 
splash detachment rates exceeded the amounts estimated from observed data, 
especially later in the storm events. 

During the period 1973 to 1975, rainfall, runoff, and concentration data 
were obtained from 13 runoff events. Of these, eight events with single- peak- 
ed hydrographs were selected for analysis. In addition, a ninth event with a 
small secondary peak was included, because it was the largest event of record, 
and it provided an extreme. 

As stated above, simulated hydrographs were computed for each of the nine 
events. The sum of squared deviations in runoff rate was used as the objective 
function. Optimal runoff parameters (K, R, t^ ) were determined. Rainfall 
excess rate is R, and t^ is the duration of rainfall excess. Values of R and t^ 
were computed to reproduce the observed volume of runoff for each event. Opti- 
mal concentration parameters (K];, B) were also determined (using the 

optimal runoff parameters as fixed values). 

The equation (corresponding to Eq. 12) relating observed and fitted sedi- 
ment yield is: 

Y - 8.2 + 0.89 Qs (14) 

where - 0.99. The equation using mean values of the optimal parameters 
(K === 3.69, Kx = 4.39, Kr = 0.032, and B = 1.31) is 

Y - 54.7 + 0.90 Qs (15) 

with - 0.98. Again, using mean rather than individual values for the param- 
eters resulted in reduced fitting accuracy. 

Optimization results for the Lucky Hills Plot and for Watershed 63.101 are 
summarized in Table 2. 
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Table 2. — Mean 

values of optimal parameters 
Watershed 63.101 (Note; 

for the Lucky Hills 
m = a ~ 3/2) 

Plot and for 

Watershed 

Drainage 

Area 

K 



B 


(ha) 

(m^ '^^/sec) 

(kg/ra^ ) 

(m-M 

(kg/sec“m^.^) 

Lucky Hills Plot 

0.014 

1.66 

0.87 

. 19 

0.027 

63.101 

1.30 

3.69 

4.39 

.032 

1.31 


The natural watershed had a hydraulic resistance parameter of K = 3t69, 
while the plot had a value of K = 1.66 for an average increase in flow velocity 
coefficient of 3.69/1.66 = 2.2. The interrill parameter, Kx, increased by a 
factor of 5 from the plot to the natural watershed. As discussed previously, 
we might expect a 2- to 3-fold increase due to rainfall energy considerations. 
The product KrB represents a rill erosion parameter. This product increased 
by a factor of 8 from the plot to the watershed. Interpretation of the changes 
in these parameters from the plot to the watershed suggest that : (1) flow vel- 
ocities increased, (2) interrill erosion rates increased, and (3) rill erosion 
rates increased. Since we were not modeling the channel network on Watershed 
63.101 and the simulated rainfall had significantly less energy than natural 
rainfall, these parameter changes are in the direction expected. However, 
since they are mean values of parameters determined from limited data, the 
changes should be given only qualitative interpretations. 


SUMMARY AND CONCLUSION 

Runoff from upland areas can be accompanied by substantial erosion. We 
modeled overland flow on upland areas as overland flow on a plane. Erosion on 
upland areas is conceptualized as consisting of rill and interrill erosion. 
Interrill erosion is assumed due to rainfall impact, and rill erosion was 
defined as erosion due to tractive forces and transport capacity in flow as it 
occurs in rills or small channels. The combined runoff -erosion process is 
called overland flow with rill and interrill erosion. 

Partial differential equations have been formulated for the above runoff- 
erosion process. Solutions had been developed for the specific cases of the 
rising and equilibrium hydrographs (Hjelmfelt, Piest, and Saxton 1975). We 
developed analytic solutions for the general case of rising, equilibrium, and 
recession hydrographs and for the entire partial-equilibrium hydrograph 
(Shirley and Lane 1978). 

The runoff-erosion model was tested using rainfall simulator data. Opti- 
mal values of the model parameters were determined for 9 runoff events. 
Simulation results with the optimal parameters seem to be reasonable approxima- 
tions (good fit) to observed runoff and concentration data. Sediment yield 
values computed by the model also seem to be reasonable approximations to 
observed data. 

To determine if the coupled runoff-erosion equations might have applica- 
tions for natural watersheds, data from a small, natural watershed on Walnut 
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Gulch were analyzed. The computed sediment concentration and sediment yield 
data were consistent with observations on this watershed. The parameter values 
were logically related to parameters from the experimental plots, and thus, the 
procedure may have application to small watersheds. 

The major result of this research is the derivation and testing of analy- 
tic solutions for sediment concentration and sediment yield in overland flow. 
Based upon our analysis of the properties of these solutions, we conclude that 
the runoff-erosion model used in this study produces reasonable results for 
erosion on upland areas. limited testing with observed data supported this 
conclusion. 
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SBDIMblNT YIELD FROM SMALL SEMIARID RANGELAND WATERSHEDS 


K. G. 


Renard and J. J. 


Stone^^ 


INTRODUCTION 

Sediment yield, the quantity of sediment moving past a cross-section of a 
channel in a specified time interval, is sometimes mistakenly assumed to be 
synonomous with erosion. Material removed from a slope as rill and interrili 
erosion may be deposited at the toe of a slope, on a flood plain, or at other 
points within the watershed where the sediment load exceeds the transport capa-- 
city of the runoff. Within a channel, material eroded not only from the land- 
slope, but also from the channel bed and banks and from gullies and headcuts, 
can be a significant part of the sediment transported past a point on the 
stream. The path that a soil particle takes in moving to a point of lower 
potential energy is complicated, and the process is often stepwise in time. 

Assuming that governing equations for such movements are known, these com- 
plexities make physically based equations describing the movement of sediment 
difficuit to use. Thus, more simplified empirical equations are often used. 
Recent developments in watershed modeling, however, include erosion/sediment 
transport routines with detailed hydrologic modeis. These new modeling tech- 
niques promise to reflect the effects of different land use and the effects of 
the variations from year to year resulting from climatic differences. They do, 
of course, require much more computer time, have different data requirements, 
and are more expensive to use than the simple empirical modeis. 

Methods for estimating erosion and sediment yield from rangelands are 
based primarily upon the principles developed in parts of the United States 
where cultivated agricultural activities are prevalent. Techniques incorpora- 
ting disturbance of the soil by tillage are not generally applicable to range- 
lands, so the erosion-estimating techniques must be adjusted to reflect these 
land use differences for rangelands. Typical problems unique to rangelands are 
those associated with the different soils (the genesis of western range soils 
are different from those in humid areas); the existence of erosion pavements 
(which provide protection from raindrop impact and decrease the shear of water 
moving over the land); grazing and trampling by animals; and with channel ero- 
sion processes which are very important on rangelands. 

Renard (1980) detailed seven different methods for estimating sediment 
yield. Each has different data requirements, vary in complexity, and produce 
different results. The choice of method depends upon the objective of the 
investigation. In this further investigation, some sediment yield formulae are 
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tested with sediment yield data from nine small watersheds in the Walnut Gulch 
Experimental Watershed near Tombstone, Arizona. 


METHODS TESTED 

Pacific Southwest Interagency Committee Method (PSIAC) 

The method developed by the Water Management Committee of the PSIAC (19b8) 
was intended for broad planning rather than for specific project formulation 
where more intensive investigations are required. Although this method was in-- 
tended for use in areas larger than 10 mi^, we tested it here on small water*- 
sheds to demonstrate a method that might be readily used to estimate sediment 
yield within a land resource area (Austin, 1965). Testing the method improves 
the confidence of the user in selecting parameter values that reproduce obser^ 
ved data* 

The method requires using nine factors to determine the sediment yield 
classification for a watershed. The factors are (A) geology, (B) soils, (C) 
climate j (D) runoff, (E) topography, (F) ground cover, (G) land use, (H) upland 
erosion, and (1) channel erosion/sediment transport. Each factor is assigned a 
numerical value from a rating chart (PSIAC, 1968) which is too long to repro- 
duce here. Descriptive terms for three sediment yield levels (high, moderate, 
low) for each factor are used to select the numerical value. Summing the 
rating chart values for the nine factors defines a sediment yield rating class- 
ification, which in turn can be converted to the average annual sediment yield 
using Table 1. 


TABLE 1. — Sediment yield classification 


Rating 

Classification 

Annual 

sediment yield 
ac-f t/mi^ 

> 100 

1 

> 3.0 

75 to 100 

2 

1.0 to 3.0 

50 to 75 

3 

0,5 to 1.0 

25 to 50 

' 4 

0. 2 to 0,5 

0 to 25 i 

5 

<0.2 


Numerical values for each of the nine factors range from 25 to minus 10. 
Lthough only three levels are suggested for general use in the rating chart, a 
iotnote states that, if experience so dictates, interpolation between the 
^ree sediment yield levels may be made. Such interpolation was used in this 
udy. 

To assist in interpolation between the classifications of Table 1, The 
a 1 x 1 Table 1 were converted to equation form. Although such precision was 
intended for the original method, we felt that such a scheme could provide 
Ltionai insight into the ability of the technique to reflect differences in 
observed data. The equation is; 
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Y = 0.08i6e^’0^53X (i) 

where Y = anaiial sediment yield (ac'fL/mi^) 
e = natural logarithm 
X = PSIAC rating factor 


Dendy/Bolton Method 


Dendy and Bolton (1976) derived sediment yield equations having widespread 
applicability because they used data from over 800 reservoirs throughout the 
United States to obtain measured sediment yield values. They segregated the 
data into areas where runoff was either less than or greater than 2 in/yr. 

In areas where runoff is less than 2 in, they derived the equation: 

S = 1280 q 0‘'^&(1.43 - 0.26 log A) (2) 

2 

where S - sediment yield (t/mi /yr) 

Q = annual runoff (in) 

A = watershed area (mi^)* 

Because of widely varying local factors, the authors may not have intended for 
this equation to be used for a specific location. However, the equation does 
express a rational relationship for sediment yield that seems realistic for 
conditions encountered in the Southwest. 

To estimate the average annual runoff for a watershed, the relationship 
developed by Renard (1977) for the Walnut Gulch Experimental Watershed was 
used; 

Q = 0.4501 A"0. 1449 (3) 

where the terms are as defined above. Substituting Eq. 3 into Eq. 2 gives 

S = 887 A-«0^><57 (1.43 - 0.26 log A) (4) 

To convert the annual sediment yield to ac-f t/mi^/yr > the sediment deposited 
was assumed to weighed 80 Ibs/ft^. 


Flaxraan Method 


Flaxman (1972) developed a regression equation for reservoir design on 
rangeland watersheds in the western United States relating sediment yield to 
four parameters. His expression is 

log (Y + 100) = 6.21301 - 2.19113 log (X^ + 100) 

+ 0.06034 log (X 2 + 100) - 0.01644 log (X 3 + 100) 

+ 0.04250 log (X 4 + 100) (5) 


where Y = antiiog of [log (Y + 100)] - 100 

Y = average annual sediment yield (ac-f t/mi^/yr) 
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Xj_ = ratio of average annual precipitation (in) to average annual tempera-- 
ture 

X 2 = average watershed slope {/i) 

X 3 = soil particles greater than 1,0 mm {'/o) 

X 4 = soil aggregation index 

The parameters express climate and vegetative growth (X 3 ), topography (X 2 ) and 
soil properties (X 3 and X 4 )-. The equation explained about 91% of the variance 
in average annual sediment yield from 27 watersheds ranging in size from 12 to 
54 in 10 western states. 


Flaxman (1974) modified his original sediment yield prediction equation by 
adding an additional term to reflect the 50 percent chance pealc discharge in 
csm (cubic ft/sec/mi^). The revised equation included converting the depend^ 
ent variable sediment yield from acre-ft in the original equation to ton/ini^. 
The equation is thus given as 


log (Y -f 100) = 524.37321 - 270.65625 log (Xi + 100) 

+ 6.41730 log (X 2 + 100) - 1. 70177 log (X 3 -f 100) 

+ 4.03317 log (X 4 + 100) + 0.99248 log (X 5 + 100) ( 6 ) 

where Y = sediment yield in ton/ini^ yr, 

X 3 = the 50 percent chance peak discharge, csm and 
X, X 2 > X 3 , and X 4 are the same as defined in eq (5). 


Renard Method 


A method for estimating sediment yield was developed by Renard (1972) and 
Renard and Laursen (1975). This method uses (a) a stochastic runoff model 
(Diskin and Lane, 1972) which generates hydrographs for semiarid watersheds in 
the southwestern United States, and (b) a deterministic sediment tansport rela- 
tionship (Laursen, 1958). Sediment yield is then computed by simulating indi- 
vidual hydrographs and computing the sediment transport for the simulated 
hydraulic conditions# Annual runoff and sediment yield is the sum of the yield 
of individual runoff events. Thus, sediment yield is a function of runoff vol- 
ume, hydrograph peak, Manning's roughness, slope, hydraulic radius, and the 
size distribution of the sediment in the streambed. The method was applied and 
calibrated with sample data for several of the larger watersheds on Walnut 
Guich in southeastern Arizona. With the model, a simplified relationship was 
developed which relates the annual sediment yield to watershed drainage area in 
the form 


Y = 0.001846 Aa“*J-187 ( 7 ) 

where Y = average annual sediment yield in ac-ft/ac/yr 
Aa “ drainage area in acres. 

Thus, because of transmission losses (abstractions from runoff by the 
alluvial channels) in the watershed, water yield decreases with increasing 
drainage area (drainage density), and this same trend is reflected in the sedi- 
ment yield relationship. Conversions are required to produce the units compar- 
ble to the other methods. 
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Additional improvements might be made with the method if, rather than 
using the general relationship shown in eq. (7), actual annual runotf volume 
were used as input to the stochastic simulation routine along with actual bed 
material size distributions in the channeis of the waterslieds used for Che 
testing. 


MODIFIED UNIVERSAL SOIL LOSS EQUATION (MUSLE) 

Williams and Berndt (1977a) have recognized that the erosion estimates of 
the USLE can be modified to reflect the transport of sediment in runoff and 
thereby, extend the use of this technique to larger areas* The Modified Uni- 
versal Soil Loss Equation is given as 

Y = ii.8 (Vqp)0‘56(K)(C)(P)(LS) (8) 

where Y = sediment yield from the basin in Mg 

V - the surface runoff volume for the basin in 
qp " the peak flow rate for the basin in m^/s 
K « soil erodibility factor 
C “ cover and management factor 
P - the erosion control practice factor 
LS = slope length and steepness factor 

Values of K, C, P, and LS may be input for each subbasin if the area is large 
enough to require spatial variability quantification* 

To provide the peak flow and runoff volume estimates required by MUSLE, a 
hydrologic model was used called SWRRB (Williams and Nicks, 1980). The acronym 
stands for a "Simulator for Water Resources in Rural Basins." 

The major processes included in the model are surface runoff, percolation, 
return flow, reservoir storage, and sedimeaCation. Surface runoff is computed 
In the model from daily rainfall values using the SCS (1972) curve number tech- 
nique. Basically, SWRRB uses the CREAMS (Knisel, 1980) daily rainfall hydrolo- 
gy option modified for application to large, complex rural basins. The major 
changes involved are (a) adding a return flow component, (b) expanding the mod- 
el to allow simultaneous computations on several subbasins, (c) adding a reser- 
voir storage component to assist in evaluating the effects of farm ponds on 
water yield, (d) adding a weather generating model to provide for longer term 
simulations, and (e) using a better method to predict peak runoff rate. Al- 
though computations for predicting water and sediment yields proceed simulta- 
neously, the hydrologic model provides the necessary inputs for MUSLE to com- 
pute sediment yield on a daily basis. Details of the model structure and meth- 
od of computation are not included here because of space limi tatxons. 


WATERSHEDS CONSIDERED 

The Walnut Gulch Experimental Watershed is a 58 mi^ (150 km^) drainage 
in southeastern Arizona operated by the Science and Education Administration of 
USDA to evaluate the effect of land use and conservation practices on water and 
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seditnent yield of and and semiand rangelands. The watershed, in the South- 
eastern Arizona Basin and Range Land Resource Area (Austin, 1965), is typical 
of the intennountain alluvial areas of the Southwest. Elevations range from 
4200 to 6000 ft above mean sea level. Cover is a mixture of brush and grasses 
with vegetation basal areas less than 10%. Soils are typically calcareous with 
large amounts of gravel and cobbles. A gravel pavement can develop as the land 
surface erodes, and in some areas it represents nearly a 100% cover. 

Precipitation in the area, which averages about 14 in/yr, is dominated by 
summer rainfall (about two-thirds of the annual) consisting of high-intensity, 
short-duration thunderstorms of limited areal extent. Winter storms are gener- 
ally of greater areal extent and of low intensity, so that runoff is uncommon. 
The summer air-mass thunderstorms result in high peak flows that generally car- 
ry high sediment loads. 

Within the watershed, a number of small earthen dams (stock ponds) provide 
water for the grazing animals. Topographic surveys of the pond storage area 
have been made, periodically, to determine sediment accumulations. The nine 
ponds for which such information was available are shown in Table 2 along with 
data on the characteristics of the watershed area. The ponds generally have 
enough storage space so that discharge through the emergency spillway is infre- 
quent. Pond 223 spilled more often than the others. 


TABLE 2 • --Ch aract er ist ICS of stock tanks at Walnut Gulch and of the 

contributing watersheds 


Tank 

number 

Drainage 

area 

mi2 

Record 

length 

Soil * ! 

ass oci at ion— 

Vegetation 

M e as u r e a nn u a 1 
sediment 
accumu la t ion 
ac- ft /mi 2 

20 

0.170 

I96Q-.70 

1971-79 

Riilito-Karro 

Brush 

Grass 

0.49 

0. 13 

207 

0,428 

1962-77 

R i 1 1 it D-C a ve - 
Tortugas 

Brush 

0. 1 1 

208 

0.356 

1973-77 

H at h away- 
Bernard mo 

G rasa 

0.13 

212 

1 ,316 

1964-77 

Cave-R ill it 0 - 
Laveen, and 
Tortugas 

Brush 

0. 1 1 

2 i3 

0.616 

1962-79 

Grab am-Houae 
Mountain 

B rush/G rasa 

0.09 

2 14 

0,581 

1957-77 

Hath aw ay- 
Bernardino 

Grass 

0.37 

2 15 

0. 136 

1966-77 

H ath away- 
Nick e 1 

Brush 

0.70 

2 16 

0.325 

1962-77 

H ath away - 
Bernardino 

Grass 

0.5 1 

223 

0. 169 

1962-77 

Rillito- 

Laveen 

B rush 

0,30 


— ^from Gelderman (1970), 

2 / 

— The tank drainage was root plowed and reseeded in 197], 
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RESULTS AND DISCUSSION 


Tables 3> 4, and 5 summarize the parameter values used in Che PSIAC, 

Fiaxman, and SWRRB/MUSLE methods, respectively. The Dendy/Bolton and Renard 
methods (Table 6) are simple one-^parameter equations and, as such, are by far 
the easiest to use. 


Table 3 . - -Summa ry of the factor values used to estimate sediment yield with the 
Pacific Southwest Interagency Committee method (Renard, 1980) 


Tank 

number 





Factor 

1 / 

values— 



Computed annuaX 
sediment yield 

ac-f t /mi 2 

A 


C 

D 

£ 


g— 

FT^ 

I 

Total 

20lg 

5-/ 

5 

8 

2 

1 

-5 

0 

10 

10 

36 

0.29 

5 

5 

8 

1 

1 

0 

•-10 

5 

ID 

25 

0.19 

207 

2 

2 

8 

2 

a 

-8 

- 5 

10 

5 

24 

0.1B 

208 

5 

3 

8 

2 

1 

-5 

2 

5 

0 

21 

0.16 

212 

3 

5 

a 

1 

1 

0 

0 

10 

10 

30 

0.30 

213 

2 

2 

8 

2 

5 

-5 

0 

5 

5 

24 

0.1B 

214 

5 

5 

8 

2 

2 

0 

2 

5 

15 

44 

0.38 

215 

5 

3 

8 

2 

1 

-2 

0 

15 

15 

47 

0.42 

216 

5 

5 

8 

1 

2 

0 

0 

10 

5 

36 

0.28 

223 

5 

2 

8 

2 

0 

-5 

-5 

10 

20 

37 

0.29 

1 / 

—The factors are defined on p. 2 of the text. 

2/ 

— Some interpolation between the three yield levels defined in the manual 
was used. 


Table 4. 

--Prediction of 

sediment yield 
Flaxman methods 

from watersheds 
( eq . 5 and 6 ) 

at Walnut Gulch 

using 

T ank 



Factor value s-l^ 


Annual sediment yield 

ac-f t/mi 2 

number 


X y 

Xi 

X2 

>^3 


^5 

y 

(eq. 5) 

y 

(eq. 6) 

201 


0.192 

5.3 

72 

0 

226 

-0.180 

0.16 

207 


0.206 

6.9 

55 

0 

117 

0.049 

0.12 

208 


0.179 

6.6 

47 

0 

115 

0.313 

0.17 

212 


0.206 

5.8 

41 

0 

94 

0.142 

0.12 

213 


0.206 

11.0 

46 

0 

77 

0.375 

0.15 

214 


0.216 

8.6 

52 

0 

188 

0.154 

0.21 

215 


0.216 

8.7 

44 

0 

274 

0.249 

0.32 

216 


0.216 

12.0 

52 

0 

152 

0.341 

0.23 

223 


0.2C6 

9.4 

65 

0 

289 

0.085 

0.28 

1 / 

— Factor 

values are 

de f ined 

on p . 5 

for use 

in Eq . 

5 and 6. 


—'Average temperature at Tombstone is 63.1'’F. Some adjustment 

baaed on elevation differences between the Tombstone weather station 
pond (3° F increase per 1000 ft elevation decrease). 

was made 
and the 


t 

i 

t 

i 


i: 

S' 


1 

1 ■ 
! 

1- 


5 
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Table 5. --Summary oT the parameter values used in SWRRB/MUSLE for the Walnut 

Gulch waters fieds 


Tank 
numb e r 

T . C 

Root zone 
depth 




cl/ 


(hr) 

(in) 





20 1 

.330 

13.98 

88. 1 J 

0.2 

0.90 

.08/.0 15 

207 

.42 1 

13.98 

87, 19 

0. 1 

0.90 

.026 

2G0 

.407 

20.08 

87.45 

0,234 

0,99 

.033 

2 12 

.328 

13.98 

83.97 

0.399 

0.74 

.026 

2 13 

.434 

20.94 

86.3 1 

0.433 

2,89 

.026 

2 U 

.449 

20,08 

86.63 

0. 1 

1 .63 

.040 

2 13 

.333 

20.08 

88.25 

0.234 

1.33 

.027 

2 16 

.339 

20.08 

87.37 

0.234 

I .94 

.030 

223 

.330 

13.98 

80. 13 

0. 1 

1 .83 

.040 


I / 2 2 

— T.C. = time of concent ra t ion . T . C . = .3A* where A = area in mi . 

2 / 

— CNj = from regression* CNj = 88.73 - . 00368A where A = area in acres. 

— = soil erodibility factors from the USLE nomograph (Wischmeier and 
Smith, 1978). 

— '^LS = measured from topographic maps using Williams and Berndt (f977b) 
method. 

= USLE cover/management factor from field measurements; erosion pave- 
ment was included in this factor. 


In developing the estimates of sediment yield with the Flaxnian (1974) 
method given in eq* (6), the 50 percent chance peak flow was determined by 
taking the maximum annual runoff volume recorded for each stock pond for which 
data were available. The 50 percent chance volume was read from the annual 
flood series using a iog-nornal probability distribution. The value was then 
converted to GSM using the volume/peak flow equation given in the SCS NhH-4 
( 1972) as follows: 


_ 640 __ 484 AQ . 640 

^5 Ag “ D/2 + 0.6 Tp Ag 


(9) 


where: qp *= peak discharge, 

A = drainage area (mi^), 

Aq = drainage area (acres), 

Q ~ two year frequency runoff volume (in), 
D = storm duration (assumed = 1 hr), and 
T(2 = time of concentration (hr). 


Although the data are not shown, an independent method was also used to 
estimate parameter X5 using NOAA Atlas II estimates of the 2*”yr frequency 
l^hr precipitation depth with an estimate of the watershed curve number and the 
widely used curve number equation of SCS: 
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(iO) 


n = <P-0-2S) ^ 
^ P + 0.8S 


whe re : 


P = 
S = 

S = 


2-yx frt^quency l^hr duration precipitation 
potentiai maximum watershed retention (in) 


1000 

CN 


-10 


(in) , 


Estimates of curve numbers (CN*s) for the watersheds involved were the 
same values used in the SWRRB/MUSLE method* The correlation between observed 
and predicted, using NOAA Atlas H precipitation estimates, was (r^ = 0.077) 
poorer than that obtained with the log-normal frequency distribution for obser- 
ved data. It is, however, the method recommended by Flaxman (1974) when data 
for a specific watershed are not available. The improvement of the estimated 
sediment yield is dramatic with the addition of the additional parameter. 
Estimated sediment yield in the absence of observed runoff data tended to over- 
predict at low sediment yields and underpredict at higher yields, as was obser- 
ved for all methods. 


As can be seen from the summary, Table 6, the PSIAC method generally 
agreed most closely with the measured data. The PSIAC and MUSLE methods 
enabled prediction of the change in sediment yield with changes in cover after 
the treatment of tank 201 in 1970-71. Several individual watershed estimates 
agree quite well with the observed data. 


Table 6 . 

--Measured 

semiarid 

and predicted annual sediment 
rangeland watersheds (modified 

yield 
f rom 

(ac-ft/mi^) 
Renard, 1980) 

for select 

Tank 

Measured 



Predicted 

yield 



number 

yield 

PSIAC 

Dendy /Bo 1 1 on 

F 1 a X m a n— ^ 

Renard SWRR8/MUSLE 

b2/ 

201^ 

0.49 

0.13 

0.29 

0.19 

0.83 

TTqTTT lEq.61 

-0.180 0.16 

0.60 

0.25 

0.05 

207 

0.11 

0.18 

0.73 

0.049 

0.12 

0.61 

0.05 

208 

0.13 

0.16 

0.75 

0.313 

0. 17 

0.62 

0.08 

212 

0.11 

0.30 

0.62 

0.142 

0.12 

0.53 

0.00 

213 

0.09 

0,18 

0.69 

0.375 

0.15 

0.58 

0.80 

214 

0.37 

0.38 

0.70 

0.154 

0.21 

0.59 

0.11 

215 

0.70 

0.42 

0.05 

0.249 

0.32 

0.69 

0.2 I 

216 

0.51 

0.28 

0.76 

0.341 

0.23 

0.63 

0.43 

223 

0.30 

0.29 

0.83 

0.085 

0.28 

0.68 

0.15 


1 / 

— Flaxman method includes both eq. 5 and 6 estimates. 

2 / 

— The B and G refer to brush and grass cover associated with the 1971 
treatment of the watershed. 
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The values assigned to the nine PSIAC factors were made using some inter-' 
poiation between the three yield levels defined in the manual* We felt that 
such interpolation was warranted by our detailed knowledge of the watershed and 
familiarity with the method (the senior author was a member of the committee 
which developed the method). 

The Flaxman (1972) method, surprisingly, was no better than those of the 
other methods, even though the Fiaxman method was developed specifically for 
conditions in the western United States* Like the PSIAC method, it has no 
direct term reflecting watershed area* When the additional parameter is used 
to reflect the 2-yr frequency annual peak discharge, the results improve. The 
results of the prediction also Improved dramatically when the actual flood ser- 
ies was used to estimate the parameter rather than using the simple estimate of 
precipitation and converting that value to a peak flow. 

The Dendy/Bolton method overestimated sediment yield in all cases* The 
predictions might have improved slightly if actual runoff data had been used to 
replace the relationship of eq* 3* Thus, an improvement like that obtained 
with the Flaxman (1974) method might be expected. 

The Renard method also overestimated the sediment yield in all but one 
case. Predictions might improve if the technique were used to simulate the 
lediment yield using channel characteristics and observed runoff for each indi- 
vidual watershed, rather than the average conditions with which the model was 
lalibrated, and then simplified to the form shown in eq. 7. For example, some 
)f the ponds had grass swales; in other locations, the channels are more rec- 
:angular and contain large amounts of sand which more nearly duplicate the coa- 
litions of the large watersheds. Thus, sediment accumulation In tanks with 
sand channels (208, 214, 216, and 223) would be expected to be closer to the 
:)redicted, as observed on all but tank 208* If such a scheme were used, it 
vould be somewhat analogous in detail to the SWRRB/MUSLE technique. 

The SWRRB/MUSLE method is considerably more complex and, thus, requires 
ore input data than the other methods. However, its results were not signifi- 
antly closer to the measured values than those of the other methods. InUui- 
ively, we think the problem is not with the MUSLE part of the scheme but, 
ather, is associated with the inadequacy of the SCS curve number hydrology 
iption used to produce runoff peaks and volumes commensurate with the observed 
alues. Previous work by Simanton et al. (1973), Hawkins (1978a and 1978b), 
nd others, has illustrated problems with using the CN precipitation/ runoff 
elationship. 


SENSITIVITY OF PREDICTED SEDIMENT YIELD TO CURVE NUMBER IN SWRRB/MUSLE 

Since most summer runoff events in the Basin and Range Province occur 
under antecedent moisture condition (AMC) I, SWRRB was modified for the purpose 
of this paper to accept CN I directly as input instead of requiring calcula- 
tions from CN II as the program was originally written. Input values for CN I 
were calculated from the SCS curve number equation using observed rainfall-run- 
off data for Walnut Gulch and solving for the optimum CN. To test the sensiti- 
vity of predicted sediment yield to curve number, the calculated CN values were 
varied + 2 and + 10. The results are similar for each of the tanks studied. 
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As shown in Fig. 1, predicted sediment yield (with the exception of CN 4- 
10) changes very little, with variations within the range of values of curve 
number typical for Walnut Gulch* 

SEDIMENT yield IAC-FT/MI*) 



Figure 1. — Sensitivity of runoff and sediment yield 
to varying curve number* 


No sensitivity analysis of sediment yield to the USLE factors (KLSCP) in 
HUSLE was done since these factors are linearly related to sediment yield and, 
unlike the runoff factor, remain constant for the period of simulation. How“* 
ever, there is a high potential for error inherent in MUSLE due to the diffi*- 
culty of evaluating factors like "C” and "K" for a semiarld rangeland environ- 
ment • 
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The simulated versus observed sediment yield data for the nine small water- 
sheds on Walnut Gulch are summarized in Fig. 2. Also shown are regression lines 
and coefficients of determination, r , for each method. The results are dis- 
couraging. They illustrate that considerable improvement is needed in the tech- 
nology of estimating sediment yield. The low r values, in most instances, 
result from one data point. For example, the r^ for the MUSLE prediction 
improves to 0.55 by eliminating the prediction on pond 213. From a statistical 
viewpoint, the PSIAC method is the best of the six methods. 



a-o.ia 


Figure 2. Correlations of observed and predicted sediment 
yield for the six prediction relationships tested. 


REPRESENTATIVENESS OF SHORT RECORDS 

When relatively short records are used in developing and testing predic- 
Lon schemes, such as the sediment yield methods tested herein, one immediately 
mders whether the sample includes all extremes of the climate and if the 
lort-term mean value and standard deviation are the same as that for a long- 
erm record. in the southwestern United States, the coefficient of variation 
f annual precipitation is maximum for any of the locations considered by Hersh- 
ield (1962). Knisel et al. (1979) investigated methods to evaluate the length 
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of record necessary for water resource data collection. One of the methods 
Investigated involved a cumulative surplus/deficit analysis of the annual pre- 
cipitation. The Surplus/ def ici t analysis depicts trends that may otherwise be 
obscure and is obtained by cumulating departures Irom a long-terDi mean. 

Figure 3 illustrates the long-term annual rainfall amounts and cumulative 
s urp Lus/def ici t from the 13.66—in mean for the raingage at Tombstone, within 
the Walnut Gulch hxperlinental Watershed. In only 1 yr was rainfall above the 
long-term mean for the period used in the sediment yield evaluation. The nega- 
tive slope to the surplus/deficit graph for the period since 1957 illustrates 
the general dry trend during the study period. Since 1957 , rainfall has been 
about 8/i below normal. Thus, the vegetation cover would be expected to be 
poorer than that for a wetter period, and runoff which transports the eroded 
material might be less than the long-term mean. 



Figure 3. — Annual preclpldativ,n and cumulative surplus/ 
deficit for Tombstone, Arizona (Knisei et al* , 11). 


The importance of an unusual storm in affecting long-term sediment yield 
trends has been well documented. Thus, It is entirely possible that some of 
the observed yields are low because of low precipitation/ruuof f or even the 
absence of more infrequent events. Stock tanks 214, 215, and 216, on the other 
hand, have had some large storms during their short records (Osborn and Renard, 
1969), which may partly explain why the observed yields for these ponds are 
larger and somewhat closer for the predicted values. 
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CONCLUSIONS 


1* Predicting sedxment yield in the western United States, despite recent 
developments in water resource models, is diftiicult and often subjective. The 
wide variations in watershed characteristics over short distances add to the 
problem. 


2. Of the methods investigated, the PSIAC method appears to give the best 

results for the amount of work required to make the estimate. The SWRRB/MUSLL 

method also gave good results (except for pond 213), but the amount of work 

required for the hydrologic portion of the model is considerable. Certainly, 
it is potentially a powerful tool for evaluating management practices. 

3. Only the PSiAC and the SWRRB/MUSLE methods allow the use of factors 
(parameters) that reflect management practices. The Renard method also could 
be used to reflect management practices if the stochastic runoff model and the 
sediment transport relationship were used directly rather than as simplified 
with eq. 7. 

4. The Flaxman method, as modified in 1974, illustrates some of the 

improvement which can be obtained by inclusion of an additional term to reflect 
the 2^yr frequency peak flow. Estimatlxig the peak flow with actual records 
also improved the correlation between observed and predicted sediment yields 
over converting the 2"~yr precipitation frequency estimate using a rainfall-run- 
off relationship. 

5. The methods tested generally underpredicted sediment yield. The 

underprediction may, in part, be associated with the questionable representa- 
tiveness of the climatic sample for the period of observation. Records at all 
but three of the watersheds were known to be lower than normal in precipita- 
tion/runoff, and thus, those results are undoubtedly below what might be consi- 
dered the mean annual sediment yield. 
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PREDICTING SEDIMENT YIELDS FROM SAGEBRUSH RANGELANDS 


Clifton W, Johnson, SEA research hydraulic engineer 
and Karl A, Gebhardt, BLM hydrologist^ ^ 


INTRODUCTION 

Soil erosion and sediment yield are major concerns to landowners and 
managers responsible for maintaining rangeland productivity and conservation 
of land resources. Since the Bureau of Land Management (BLM), U.S, Department 
of Interior, is responsible for administration of about 72 million ha of land 
in the conterminous United States, Clawson and Held (1957), the department 
must address the complex environmental impacts of grazing, land and energy 
development, and alternative land uses. The legal requirements of Environ- 
mental Impact Statements (EIS) on areas of proposed development have shown the 
need for accurate and quantitative erosion and sediment yield methods for 
predicting results of land disturbance and management. 

Comparative analysis is a common technique in EIS preparation, because 
it shows the effects of alternative action in relation to present conditions 
or some recognized standard. Generally, there is a lack of on-site field data 
and, because of the large expense required for information collection, 
Richerson and Johnston (1975), appropriate methods and data must often be 
extrapolated to the area under consideration. This study shows an application 
of the Pacific Southwest Inter-Agency Committee (1968) sediment yield predic- 
tion procedure (PSIAC) compared with measured yields from sagebrush rangeland 
areas in southwest Idaho. 

Application of the PSIAC procedure was similar to studies reported by 
Shown (1970), Liefeste (1978), Clark (1980), and Renard (1980) with some 
changes, to utilize available sagebrush rangeland watershed data. Although 
the procedure was developed for the Pacific Southwest, it includes factors 
important in estimating sediment yield with a wide variety of conditions. 
Objectives of this study were to test the sensitivity of the PSIAC procedure 
in response to changes in grazing and vegetative cover, to compare measured 
and predicted sediment yields, and to show how the method can be used in 
predicting the effects of rangeland management practices on sediment yield. 


}_! Northwest Watershed Research Center, USDA-SEA-AR, Suite 116, 1175 
South Orchard, Boise, Idaho 83705 and Idaho State Office, USDI-BLM, 550 W. 
Fort St,, Room 386, Boise, Idaho 83724. In cooperation with the Agricultural 
Experiment Station, University of Idaho, Moscow, Idaho 83843, 
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PROCEDURE 


Sediment yields were computed by a modified PSIAC procedure using the 
equation 

Sy = 0.253e°*°^^ Rating 


where, SY is the sediment yield in t/ha (metric tonnes/ha) , assuming a sedi- 
ment volume-weight of 1,360 kg/m^, e is the base of natural logarithms, and 
Rating is the sum of PSIAC factors (see Figure 1). Equation [1] was derived 
from Leifeste's (1978) data adjusted to eliminate minus values; thus, changing 
the rating but not the procedure. The relationship shown in Figure 1 is 
highly variable and poorly defined below about 0.4 t/ha sediment yield. The 
PSIAC Rating values were defined by the equation 


Rating = Yi + Y2 + Y3 + Yq + Y5 + Yg + Y7 + Ys + Yg [2] 


where, Y^ is the surface geology factor, Y2 is the soils factor, Y3 is the 
climate factor, Yq is the runoff factor, Y5 is the topography factor, Yg is 
the ground cover factor, Y7 is the land use factor, Yg is the upland erosion 
factor, and Yg is the channel erosion and sediment transport factor. These 
factors and the independent variables used to determine the relationships are 
listed in Table 1. 


WATERSHEDS AND STUDY SITES 

Sagebrush rangeland hydrologic and related research have been conducted 
on the Reynolds Creek Experimental Watershed in southwest Idaho since 1960, 
obins et al. (1965). Watersheds, vegetation and grazing study sites, and 
epresentatlve cover transect locations are shown in Figure 2. Watershed 
characteristics for the three watersheds selected for this study are listed in 
Table 2. Average annual precipitation, 1962 through 1978, ranged from 250 ram 
in the lower valley (1190 m elevation) to 1070 mm at an elevation of 2090 m. 
Precipitation at the Reynolds weather station (1200 m elevation) ranged from 
143 mm in 1966, a drought year, to 445 mm in 1965, a wet year. Runoff ranged 
from zero in some years at the lowest elevations with less than 250 nun precip- 
itation, to 885 ram in the 1965 water year at Reynolds Mountain station, with 
1676 mm precipitation. Measured sediment yields ranged from 0.02 to 3.4 
t/ha/yr and were extremely variable from year to year at all stations and 
depended mainly on runoff conditions, Johnson and Hanson (1976) and Johnson 
and Smith (1978). 
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Figure !• The relationship between PSIAG rating and sediment 
yield derived from Leif esters (1978) data. 


RESULTS AND DISCUSSION 

Maximum, minimum, and area--weighted mean PSIAC factor values for the 
three watersheds are summarized in Table 3 and show a wide range for most 
factors. The greatest predicted mean sediment yield, 2.06 t/ha/yr, Salmon 
Creek, was accounted for by less ground cover, more intensive land use, 
greater slope, and more visible evidence of upland and channel erosion. 

Upland and channel erosion estimates were made by the BLM Soil Surface Factor 
(SSF) rating system, based on ocular field estimates of soil movement, surface 
litter, surface rock, pedes tailing, flow patterns, rills, and gullies, 
described in BLM Manual 7317. Predicted watershed sediment yields were within 
about 15 percent of measured yields, Table 3, Considering the wide year-to- 
year variation in measured sediment yields and only 8 to 10 years of sediment 
records, the predicted yields compare favorably with measured yields. 

Percent bare ground, percent canopy cover, and SSF were determined on 
eight ungrazed and eight moderately to heavily grazed areas of the Reynolds 
Creek Watershed from 1972 through 1979 to evaluate the effects of grazing on 
PSIAC sediment yield. The relationships between grazed and ungrazed areas 
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Table 1 * Descriptions of PSIAC factors and relationships ^used in Equation [ 2 ], 


PSIAC Factor 


Equation and Description 


Surface geology 


Soils 

Climate 

Runoff 

Topography 

Ground cover 
Land use 

Upland erosion 

Channel erosion 


, where Xj is a geologic erosion index 
based on rock type, hardness, fracturing, 
and weathering from geologic reports 
(hard massive rock has an index of one and 
marine shale, mudstone, or silts tone has 
an index of 10) * 

Y2 = 16 ,67X2, where X2 is the Universal Soil 
Loss Equation, USLE, soil erodibility 
factor value determined by procedures of 
Wischmeier and Smith ( 1978 ). 

Y3 = 0.2X3, where X3 is 2--year, 6~hour precip- 
itation amount in mm determined from 
weather records. 

Y4 - 0.2X4, ^here X4 is the sum of yearly 
runoff volume in mm times 0.03 and of 
yearly peak streamflow in m^/sec/km^ 
times 50 . 

Y5 = 0.33X5, where X5 is slope steepness in 
percent. 

Y5 = 0.2X5, where Xg is bare ground in percent. 

Y7 == 20-0.2X7, where X7 is canopy cover in 
percent . 

Yq = 0.25X9, where Xg is the Soil Surface 
Factor, SSF, determined by procedures 
described in Bureau of Land Management, 
BLM, Manual 7317 . 

Yg = 1.67X9, where X9 is the SSF gully rating 
associated with Xq . 
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Figure 2. Locations of hydrologic instrumentation, 

vegetation study sites, and cover transects, 
Reynolds Creek Experimental Watershed. 


149 



Table 2. — Watershed and vegetation study site descriptions, Reynolds Creek Experimental Watershed. 
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Table 3. — Summary of PSIAC factor values for watersheds on Reynolds Creek. 


Watershed 


Salmon Creek Macks Creek Reynolds Tollgate 



Max. 

Min. 

Keair^ 

Max. 

Min, 

Mean— 

Max. 

Min, 

Mean^' 

Surface geology 

7.0 

3.0 

4.2 

7.0 

3.0 

4.8 

6.0 

4.0 

5.2 

Soils 

5.3 

4.3 

4.6 

5.0 

3.5 

4.5 

4.7 

1.8 

4.0 

Climate 

6.0 

4.6 

5.2 

6.4 

4.6 

5.4 

8.1 

4.8 

6,6 

Runoff 

4.1 

1.2 

2.2 

3.2 

1.2 

2.1 

6.0 

0.9 

2.8 

Slope 

16.6 

2.5 

7.9 

15.0 

2.5 

7.6 

16.0 

3.0 

7.4 

Ground cover 

6.4 

2.4 

4.7 

4.4 

2.7 

3.4 

6.0 

2.0 

3.4 

Land use 

14.0 

7.0 

10.2 

13.0 

7.0 

8.9 

12.0 

3.0 

6.3 

Upland erosion 

11.5 

8.0 

10.4 

11.6 

4.0 

6.2 

10.0 

2.5 

5.6 

Channel erosion 

14.0 

4.0 

8.9 

11.0 

2.0 

5.4 

6.0 

2.0 

3.5 

Rating 

65.5 

53.2 

58.3 

58.7 

44.7 

48.3 

63.8 

39.4 

44.8 

Predicted sediment 
yield, t/ha/yr 

2.67 

1.72 

2.06 

2.09 

1.26 

1.44 

2.53 

1.03 

1.29 

Measured sediment 
yield, t/ha/yr 



1.90 



1.57 



1.50 


Area weighted means. 


for bare ground, canopy cover ^ and SSF are shown in Figures 3, 4, and 5, 
respectively. The differences in computed sediment yield were determined by 
changing PSIAC ground cover, land use, and upland erosion factors, as appro- 
priate, from Figures 3, 4, and 5. Results (Table 4) show that excluding 
cattle grazing for 8 years reduced predicted sediment yield about 0,2 t/ha/yr. 

The effects of extremely heavy cattle grazing, about 90 percent forage 
utilization, on PSIAC sediment yield were estimated at one of the vegetation 
study sites, Figure 2. Average 1972 through 1978 data at the site showed 
32 percent bare ground, 52 percent canopy cover, and an SSF of 17 on the grazed 
area and 17 percent bare ground, 65 percent canopy cover, and an SSF of 9 on 
the ungrazed area. At this site, differences in ground cover on grazed and 
ungrazed areas were highly significant (P < .01), Johnson et al, (1980), The 
resulting estimated PSIAC sediment yield was 1.34 t/ha/yr on the heavily 
grazed areas and 1,02 t/ha/yr on the ungrazed areas. The greater percent 
bare ground on the grazed area was the major cause of the 30 percent increase 
in PSIAC predicted sediment yield. 
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Figure 5. The relationship between Soil Surface Factor (SSF) values 
on grazed and ungrazed study sites. 


Table 4. — Comparison of PSIAC factors and sediment yield based on data from 
ungrazed and grazed study sites. 


Salmon 

Creek 

Ungrazed 

Grazed 


Ground cover 

3.95 

4.71 

Land use 

9.13 

10.17 

Upland erosion 

9.47 

10.36 

Predicted sediment 
yield, t/ha/yr 

1.82 

2.06 


Watershed 


Macks 

Creek 

Reynolds 

Tollgate 

Ungrazed 

Grazed 

Ungrazed 

Grazed 

2.59 

3.35 

2.64 

3.40 

7.84 

5.85 

5.34 

6.30 

5.41 

6.17 

4.86 

5.60 

1.25 

1. 44 

1.17 

1.29 
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Sagebrush was cut and removed from three ungrazed sites and was sprayed 
with 2,4-D or 2,4-T at four ungrazed sites to improve forage production and 
to study vegetative cover changes, 1972-1975. Results from this study, 
Schumaker and Hanson (1977), were analyzed by the PSIAC procedure to estimate 
the effects of the sagebrush eradication treatments on sediment yield 
(Table 5) . Generally, predicted sediment yields on the ungrazed areas without 
sagebrush treatment were less than on areas where sagebrush was removed or 
killed by spraying* PSIAC estimates showed only about 0.1 t/ha/yr increase in 
sediment yield where sagebrush was cut and removed. 


Table 5. — Estimated PSIAC sediment yield, t/ha/yr, at sagebrush treatment 
sites, Reynolds Creek Experimental Watershed, 1972-1975. 


Site 

Treatment Nancy Whiskey Hill Upper Sheep, N.F, Reynolds Mt. E, 


Ungrazed 

1.37 

1.14 

0.90 

0.82 

Grazed 

1.59 

1.23 

1.03 

1.02 

Sprayed 

1.31 

1.15 

0.98 

1.05 

]ut 

1.41 


1.06 

0.94 


SUMMARY AND CONCLUSIONS 

The PSIAC sediment yield prediction procedure used in this study needs 
wider application and verification; however, predicted yields in this study 
were within 15 percent of measured watershed sediment yields and provide a 
method for comparing and predicting effects of different site conditions and 
management changes. The equations developed in this study to evaluate indi- 
vidual PSIAC factors are an improvement over subjective narrative method used 
in the original procedure. 

Average yearly predicted sediment yields from three Reynolds Creek 
watersheds by the PSIAC procedure ranged from 1.3 to 2.1 t/ha/yr. Predicted 
yields on watershed subareas ranged from 1.0 to 2.7 t/ha/yr in response to 
PSIAC factor values. 

Moderate to heavy cattle grazing increased PSIAC estimated sediment yield 
about 0,2 t/ha/yr, based on differences in vegetative cover on grazed areas 
and areas that had been ungrazed about 8 years. Extremely heavy cattle 
grazing increased PSIAC estimated sediment yield 0.32 t/ha/yr. PSIAC estimated 
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sediment yield was only increased about 0.1 t/ha/yr where sagebrush was cut and 
removed. Sagebrush eradication by spraying had less effect on sediment yield 
than moderate-to-heavy grazing. 
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TESTING THE MODIFIED UNIVERSAL SOIL LOSS EQUATION 
J. R. Williams, SEA hydraulic engineer 


INTRODUCTION 

The Modified Universal Soil Loss Equation (MUSLE) (Williams, 1975) was 
developed by replacing the rainfall energy factor of the USLE (Wischmeier and 
Smith, 1978) with a runoff energy factor. The MUSLE runoff energy factor is a 
function of the product of the runoff volume and the peak runoff rate for an 
individual storm. Since its introduction, the runoff energy factor has been 
used in several other erosion/sedimentation models (Onstad and Foster, 1975; 
Foster et al . , 1977; Foster et al . , 1980). Advantages of replacing the rainfall 
energy factor with the runoff factor include: (1) Increased accuracy because 
runoff generally explains more variation in sediment yield than rainfall does; 
(2) Eliminates the need for delivery ratios because the runoff factor represents 
energy used in transporting as well as detaching sediment; and (3) Applies to 
individual storms (an important attribute particularly in simulating water 
quality). 

The MUSLE was developed using data from 18 small watersheds with areas 
ranging from 1 to 1773 ha and slopes ranging from 0.94 to 5.9 percent. Sixteen 
of the watersheds were located at Riesel , Texas, and two were located at 
Hastings, Nebraska. The data set included 778 individual runoff events. The 
MUSLE is 


Y = 11.8 (V qp)°-^^ (K)(C)(P)(LS) 

where Y is the sediment yield for an individual storm in t, V is the volume of 
runoff for the storm in m^, qp is the peak runoff rate in m^/s, K is the soil 

erodibility factor, C is the crop management factor, P is the erosion control 
practice factor, and LS is the slope length and steepness factor. Since its 
development, MUSLE has been applied and tested at many locations (Williams and 
Berndt, 1977). The purpose here is to present test results from a large number 
of watersheds with widely varying characteristics and climates. 


TEST WATERSHEDS 

A group of 59 SEA-AR watersheds (including the 18 used in the development) 
that were used to test MUSLE are listed in Table 1. These watersheds represent 
a wide variety of conditions generally encountered in predicting sediment yield 


157 



U.S. --areas range from 1 ha to 234 km--; slopes range from 0.2 to 28 percent; 
average annual rainfall ranges from 480 to 1270 mm; and land use ranges from 
100 percent cropland to 100 percent pasture with some forested areas. These 
tests were conducted using measured runoff volumes and peak rates from 2976 
individual events. 

Although tests using measured runoff volumes and peak rates are essential 
in determining MUSLE's prediction accuracy, measured runoff is almost never 
available in practice. Thus, to compare MUSLE's accuracy with that of the 
USLE, one must link MUSLE with a suitable runoff simulation model. Various 
runoff models have been used for this purpose (Smith et al . , 1977; Simons 
et al., 1977; Fogel et al . , 1977; Mills, 1971; Williams and Berndt, 1977). 
Recently, Williams and Nicks (1981) expanded the CREAMS (Knisel, 1980) daily 
rainfall hydrology model for application to complex basins. The MUSLE was 
linked to the new hydrology model to form a simulator for water resources on 
rural basins (SWRRB). The SWRRB model was applied to the watersheds shown in 
Table 2 for test purposes. 

Sediment yield data from 39 of the 43 watersheds shown in Table 2 was 
collected by the Soil Conservation Service using reservoir surveys (the water- 
sheds drain into SCS P.L. 566 reservoirs). Sediment data from four watersheds 
(Big Sandy Creek, Clear Creek, Little Elm Creek, and Pin Oak Creek) was obtained 
by streamflow sampling. Land use and soils information were provided by SCS 
geologists. Topographic information was taken from U.S. Geological Survey 
topographic maps. 

Like the previous test watersheds, these watersheds provide a good variety 
of conditions for testing the general applicability of MUSLE--areas range from 
0.6 to 513 km^; slopes range from 2 to 36 percent; average annual rainfall 
ranges from 200 to 1605 mm; and land use ranges from 77 percent cropland to 
100 percent pasture and range and to 100 percent forest and woods. 


TEST RESULTS 

Results of tests using measured runoff from the watersheds shown in Table 1 
are presented in Table 3. Generally, MUSLE performed satisfactorily--R2 
(obtained by comparing measured and predicted individual storm sediment yields) 
was 0.8 or greater for most of the watersheds. Only five watersheds had R^ 
values less than 0.5 Four of these were small flat (slopes <0.5%) watersheds 
at Chickasha, Oklahoma, cropped in continuous cotton. Two of these watersheds, 
C-3 and C-4, received supplemental irrigation. These results indicate that the 
LS factor may need refinement for flat slope applications of MUSLE. 

Another attribute probably more important than R^ is a models ability to 
simulate sediment yield frequency distributions that are similar to those of 
measured data. Two indicators of close agreement between frequency distribu- 
tions are shown in Table 3 (average annual sediment yield and the standard 
deviations of individual events). Both of these statistics indicate that MUSLE 
generally simulated sediment yields quite realistically for the test watersheds. 
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In previous tests by the author and others, there has been some evidence 
that MUSLE tends to overpredict small storms and underpredict large ores. Some 
of the test watersheds shown in Table 3 support the previous evidence and some 
do not. Thirty-eight of the regression slopes (observed yields-dependent 
variable; simulated yields-independent variable) are greater than one and 27 
are less than one. Of course, a regression slope greater than one indicates 
that large storms are underpredicted. Of the 38 regression slopes greater than 
one, only 11 are greater than 1.25. Fortunately, these 11 high regression 
slopes were produced on watersheds with relatively low sediment yields. Under- 
predicting large events on high sediment yielding watersheds would increase the 
magnitude of the error considerably. 

Although these tests do not confirm that MUSLE underpredicts large storm 
yields, the evidence indicates that the runoff energy factor and the P factor 
should be examined carefully in search of deficiencies. The form of the energy 
factor or the values of its parameters may need refinement. Also, the P factor 
should be modified to reflect the performance of conservation practices as 
storm size varies. A conservation practice like terraces will usually reduce 
sediment yield considerably for storms up to the design storm size. Hov/ever, 
larger storms may overtop the terraces and eliminate their effectiveness 
completely. 

Test results for the SCS and USGS watersheds described in Table 2 are 
given in Table 4. Since data was collected by reservoir survey for most of 
these watersheds, only the accumulated sediment yield is available for compari- 
son. Runoff and sediment yield from sheet and rill erosion were simulated for 
the period of record using SWRRB. Gully sediment yield was estimated by SCS 
geologists by applying delivery ratios to annual gully erosion estimates for 
some of the watersheds (blanks in Table 4 means that the estimates are not yet 
available). As shown in Table 4, the simulated average annual runoff is equal 
to the measured amounts for the first 22 watersheds. This was accomplished 
using parameter optimization to minimize the difference between measured and 
predicted average annual runoff. Later, the SWRRB model was modified to better 
describe hydrologic processes using readily available physically based data. 

Thus, the need to calibrate by optimizing parameters was eliminated. Simulations 
for the last 21 watersheds shown in Table 4 were performed without calibration. 

The predicted sediment yields shown in Table 4 are the sums of the MUSLE 
simulated sediment yields from sheet and rill erosion and the estimated gully 
erosion sediment yields. Although the gully erosion estimates are not yet 
available for several of the watersheds, the preliminary results are generally 
satisfactory. 


SUMMARY AND CONCLUSIONS 

The MUSLE was tested with data from 102 watersheds located throughout the 
U.S. These watersheds provided a wide range in watershed and climatic charac- 
teristics and management strategies. In tests using measured runoff data, 
MUSLE generally gave satisfactory results, but tv^o possible deficiencies were 
discovered: (1) the LS factor may not be adequate for flat slope watersheds; 
and (2) there may be a tendency for MUSLE to overpredict small storms and 
underpredict large ones--the runoff energy and P factors need attention. 
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MUSLE was linked with an expanded version of the CREAMS daily rainfall 
hydrology model to provide estimates of the runoff factor. The new hydrology- 
sedimentation model called SWRRB shows promising results although some of the 
tests are not complete. 
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DEVELOPING A USLE COVER-MANAGEMENT (C) FACTOR PROCEDURE 
FOR FOREST CONDITIONS 

George E. Dlssmeyer^^ 


/VBSTRACT 

The cooperative effort between the Forest Service, SEA-AR, and the SCS has 
resulted in a new procedure for developing the USLE Cover-Management (C) Factor 
Procedure for Forest Conditions. The new procedure for estimating the values 
for the USLE’s C factor for forest conditions is described# Values for C are 
estimated by evaluating nine sub-factors. The procedure was validated with 
data from 39 research watersheds in the Southeast and provides reasonably good 
estimates of erosion. Values from the new procedure are recommended instead of 
those from tables 11 and 12 in Agricultural Handbook 537. 

INTRODUCTION 

A cooperative effort between the Forest Service, SEA-AR, and the SCS pro- 
duced a new procedure for assigning a Universal Soil Loss Equation (USLE) cov- 
er-management (C) factor to forest conditions. The four-year effort was culmi- 
nated in an article soon to be published in the Journal of Soil and Water 
Conservation (Dissmeyer and Foster 1981) and in a handbook published by a USDA 
Forest Service, Southeastern Area, Atlanta, Georgia (Dissmeyer and Foster 
1980). The purpose of this paper is to describe the steps taken in this coop- 
erative effort to produce the new procedure and to present the new cover- 
management factor procedure to this workshop. 

The cooperative effort started with a meeting of representatives from the 
three agencies concerned about predicting erosion from forest lands in the 
spring of 1977. Questions had been raised as to what procedure would be used 
in predicting erosion from forest lands — the USLE (Wlschmeier and Smith 1978) 
or some other procedure. Concerns had been raised about the accuracy of the 
USLE in predicting erosion rates for the varied conditions found in the forest 
environment (Wlschmeier 1975). The USLE had received substantial criticism 
from researchers in erosion and sedimentation from forest lands. Using the 
information and procedures available at that time, the USLE was judged to be 
over-predicting erosion for a variety of conditions. 

Therefore, a group of hydrologists from the Forest Service and experts in 
the USLE from the Soil Conservation Service and SEA-AR met in South Carolina to 
inspect a variety of forest management situations and discuss the suitability 
of the USLE for predicting erosion in these conditions. Those who were in 

— ^Staff hydrologist, USDA Forest Service, Southeastern Area, Atlanta, 
Georgia. 
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attendance included John Holeman (SCS*-W0), £• C* Nicholas (SCS“Fort Worth), 
George R* Foster (SEA-AR, Purdue University), Marv Meyer (Forest Service*-WO) , 
and myself, plus two other Forest Service hydrologists working in the erosion 
field. After two days in the field, the group realized that several sub-fac-- 
tors of the cover-'management factor were operating In both the forest environ*** 
ment and the agriculture environment, but were not available in the literature 
for foresters. The group found the situation warranted modifying the USLE cov- 
er-mianagement factor to incorporate the agricultural experience into a proce- 
dure for prediction erosion for forest lands. As a result, over the past four 
years, George Foster and I have cooperated in modifying the cover-factor proce- 
dure for forest conditions with substantial input from E, C. Nicholas. 

After viewing the forestry situation, I went to Purdue University and 
inspected the agricultural situation so that I could understand and appreciate 
how these sub*^factors were operating in those conditions. George Foster and I 
visited a cross-section of agricultural conditions where George described what 
sub'-factors were operating and how they were evaluated. We then interpreted 
and extrapolated data from the agricultural situation and applied it to the 
forest situations we saw in South Carolina, I also identified one sub-factor 
that was operating in the forest situation that was not operating in the agri- 
cultural situation, namely steps. We decided to adopt the component sub-factor 
procedure first developed by Wischmeier (1973, 1975, 1979) and Wischmeier and 
Smith (1978) for agriculture land where the component sub-factor affecting C 
are evaluated and used to develop a composite C. Such an approach was judged 
prudent, because there was a wide variety of conditions present even when land 
was treated with the same piece of equipment. A great deal of flexibility had 
to be built into the system to handle this heterogeneous situation. A prelim- 
inary procedure was developed. 

After the preliminary procedure was developed, Foster, Nicholas, and I 
again met in the field to discuss the variety of forest management conditions 
and the application of the system. During this field session, ideas were 
exchanged on how to interpret conditions, discussed which sub-factors were 
operating in a given situation, and how to provide guidance to practitioners in 
applying the system. After two days in the field, the three of us had reached 
a common understanding of interpretations and of approach in applying the pro- 
cedure, The resulting procedure was ready for field testing or validation. 

I validated the procedure using 39 research watersheds in the Southeast; 
the results are discussed later in the paper. I contacted the researchers 
responsible for these watersheds and secured permission to validate the proce- 
dure using their watershed data. The data had not been published at that time. 
I visited each watershed and carefully inspected the watershed using the new 
procedure and all the latest techniques for applying the USLE. The validation 
found, in essence, that the new procedure gave reasonably good predictions of 
erosion. 

I then met with George Foster, and we outlined a paper and a handbook on 
the new procedure. However, before we prepared these two items for publica- 
tion, George Foster, E. C. Nicholas, and I again met and discussed the proce** 
dure in the field where we discussed some refinements in interpretation and 
application of the procedure. A slide presentation was developed and presented 
at an inter-agency USLE Workshop in Fort Worth in November, 1979. The procedure 


167 



was well received at the meeting, and the publications were then prepared and 
are in the process of being published at this time (Dissmeyer and Foster 1980, 
1981). 

This summarizes the steps we took in developing this new procedure for 
forest lands. It is a procedure that I would recommend to those who are trying 
to adapt the USLE to range conditions# Using the component sub--factor approach 
allows a great deal of flexibility in handling the wide variety of conditions 
that can be found in range and desert conditions. We found in forest land that 
a standard C could not be assigned from a table because of the wide variation 
in conditions produced by a piece of equipment. Only careful on-site inspec- 
tion of each location could develop a reasonably accurate C factor. Foster and 
I believe that this is a good way to identify which sub-factors are operating 
and how management affects the sub-factors and the resultant erosion rate* 

The following material is quoted directly from the forthcoming Journal 
article mentioned earlier (Dissmeyer and Foster 1981). I have done this so 
that you will have information in the proceedings of this workshop, thus saving 
you the effort of securing a copy of that paper. The only modification I have 
made in the following material is to change the citation numbers to fit the 
needs of this paper. 

The C factor values in Agriculture Handbook 537 for forest conditions are 
based on many of the same principles discussed below. However, since those 
values were developed, additional experience in applying the USLE to forest 
land, a better understanding of erosion processes on forest land, and data for 
validation have led to improved ways of estimating C, and thus improved erosion 
estimates. 


FOREST SUB-FACTORS 

The major sub-factors operating in the forest environment are: (1) amount 
of bare soil, or conversely, ground cover, (2) canopy, (3) soil reconsolida- 
tion, (4) high organic content, (5) fine roots, (6) residual binding effect, 
(7) on-site storage, (8) steps, and (9) contour tillage. Sub-factors 1, 2, 3, 
5, 6, and 7 have direct counterparts in agricultural practices, especially 
conservation tillage. The eighth does not occur in most agricultural situa- 
tions. The ninth is part of the supporting practices P factor of the USLE. A 
value for the composite C factor is a product of values for each of the sub- 
factors operating in a given forest situation. 

Some sub-factor names were changed from common ones for erosion processes 
on agriculture land so they would better describe forest situations. Also, 
some sub-factor relationships for agricultural conditions have been modified 
for better application to forest situations. 


BARE SOIL SUB-FACTOR 

Erosion is a function, of the amount of exposed soil. Cover such as litter, 
slash, logs, and surface rock protects the soil from the erosive forces of 
raindrop impact and runoff* Protected and undisturbed forest soils have 
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infiltration rates that usually exceed rainfall intensity (Lull and Reinhart 
1972)* Exposed forest soils are subject to soil detachnjent by raindrop impact* 
Also, they yield surface runoff, which potentially erodes soil and transports 
detached soil from the slope. 

The relationship for the bare soil sub-factor is shown in Figure 1. It is 
an adaptation of Wischmeier ’ s (1975) curve for the effect of surface cover. 
The curve was adjusted for ground cover greater than 80 percent (less than 20 
percent have ground) to give no erosion at 100 percent ground cover (zero per- 
cent bare soil). In the forest, a zero percent bare soil is usually a healed 
or an undisturbed condition. Generally, no runoff occurs, thus no erosion. In 
contrast, most agricultural soils are regularly tilled; even with zero bare 
soil, runoff and slight erosion can occur, which is reflected by 0.04 value 
from Wischineier * s curve at zero bare ground. 



Figure !♦ — The bare soil sub^factor. 


169 




Bare soil in forests tends to be in patches randomly distributed over the 
area* These patches are usually much larger and much fewer than the numerous 
small bare spots in agricultural situations that are typically uniformly dis^ 
tributed* Runoff is generally more uniform from both bare and mulch-covered 
areas of agricultural soils than from the bare and covered areas of forest 
soils* Covered patches in forests often yield no runoff or sediment. Runoff 
and sediment from bare patches reaching the toe of the slope in forest situa- 
tions depends on the Interconnection of bare areas. Runoff from a bare area 
Into a covered area may be completely absorbed. This further warranted the 
modification of Wischmeier’s (1975) curve below 20 percent bare soil. 

A patch of ground cover in a largely exposed area usually has a very high 
ground cover percentage within its boundaries, and this area is not eroding. 
Surface runoff Is usually directed around such patches. 

Wischmeier's (1975) mulch effect curve may be used instead of Figure 1 if 
areas of bare soil are small like those for agricultural situations, if runoff 
occurs uniformly from bare and covered soils, and if runoff occurs when the 
soil is completely covered* 


CANOPY SUB-FACTOR 

Vegetal canopy intercepts rainfall and collects water on its foliage* 
Drops falling from the canopy may be larger than the original raindrops, but 
when they fall from a low canopy, the energy of the drops reaching the soil 
surface is less than that of rainfall in open areas. Also, some of the inter- 
cepted rainfall never reaches the ground but is evaporated during and after the 
storm. Some of the intercepted rainfall reaches the ground as stemflow and may 
contribute to runoff. Figure 2, from Wischmeier (1975), gives the values for 
the canopy sub-factor that depend on foliage density and average drop height. 
Figure 3 illustrates the average drop height, which is approximately the mid- 
point of the canopies, for several types of canopies. 

This sub-factor applies only to the canopy above bare soil* Canopy over 
litter Is not included, because the surface cover is the controlling factor. 
Canopy is evaluated by estimating the percentage of bare soil having canopy 
over it and the average drop height of the canopy. The open area within the 
canopy where rain can pass is not counted as part of the canopy. 

Evaluation of canopy In forestry situations is different than for agricul- 
ture (Wischmeier 1975). In forests, canopy often is not uniformly distributed, 
nor is the bare soil. Areas of forest soil with undisturbed litter cover usu- 
ally yield no surface runoff, whereas covered agricultural soil often does. 
Wischmeier (1975) reduced the canopy factor, because water drops falling from 
the canopy were assumed to strike uniformly distributed ground cover. The can- 
opy over ground cover is ineffective. Typically, in forests, ground cover under 
canopy Is totally protective, usually yielding no surface runoff or erosion. 
Therefore, only canopy over bare soil is given full credit. 

Some forest, brushland, and desert conditions may be encountered where 
canopy and bare soil are uniformly distributed, as in agricultural situations 
^here the canopy cover over bare soil may be difficult to estimate. Wischmeier 
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(1975) provides a procedure for reducing canopy effect for this situation. Both 
the above and Wischmeier's procedures produce the same answer. 



Figure 2. --The canopy sub-factor. 


SOIL RECONSOLIDATION SUB-FACTOR 

Generally, soil reconsolidates and becomes less erodible over time after 
land is retired from tillage. This effect was analyzed using data from erosion 
plots that were tilled and then left untilled for several years. Soil loss 
from these plots was studied for trends. The ratio of annual soil loss to the 
observed value of R, erosivity factor of the USLE, for these plots is propor- 
tional to the USLE soil erodibility factor K. If these ratios remain constant 
with time following retirement from tillage, soil erodibility has not changed, 
which occurred for soil studied at Guthrie, Oklahoma and Statesville, North 
Carolina, However, these ratios decreased significantly with time at Zanes- 
ville, Ohio and Tyler, Texas,,2/ indicating that soil erodibility decreased over 
time since retirement from tillage (Figure 4). 

2 / 

— Data on file at USDA-National Runoff and Soil Loss Data Center, Purdue 
University, West Lafayette, Indiana. 
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Figure 3. — Canopy effect and typical drop heights 
for three types of vegetation. 



Year since last time soil was tilled 


Figure 4. — The sub-factor for soil reconsolidation. 


Soil loss at Zanesville decreased over a 7-year period and leveled off at 
'■5 percent of that for the first two years following retirement from tillage, 
ischmeier (1975) used the Zanesville data to conclude that undisturbed soil 
IS 0.45 as erodible as continuously tilled soil. At Tyler, erodibility 
icreased in four years to 30 percent of that for the first year following 
tirement. When the soil was returned to cultivation, soil loss immediately 
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increased to a level about 4 times the rate before cultivation. Similar 
results were obtained for erosion plots under simulated rainfall and added 
inflow to simulate longer slope lengths (Poster et al. 1981). Erosion from 
soil that had not been tilled for a year was 35 percent of that immediately 
following tillage. 

Thus, we concluded that undisturbed soils are generally less erodible, and 
that erosion decreases over time following retirement from tillage, as shown in 
Figure 4. However, the effect Is soil dependent. This soil type sub-factor Is 
necesssary, because the soil erodlbility factor K of the LISLE is derived from 
tilled soils In continuous fallow. 

For untilled forest soils, the soli reconsolidation sub-factor is 0.45. 
However, if the soil is tilled by disking, bedding, or rootraking when prepar- 
ing a site for tree planting, this sub-factor begins at 1.0 and decreases with 
time after tillage. 


HIGH ORGANIC CONTENT SUB-FACTOR 

Under permanent forest, topsoil accumulates a high organic matter content 
that is not considered in the USLE soil erodlbility nomograph (Wlschmeler and 
Smith 1978), which only goes as high as 4 percent organic matter. With good 
management, organic matter content can be maintained in agricultural soils, but 
it will not be as high as that in a permanent forest. This higher organic con- 
tent results in permanent forest soils being less erodible. Wischmeier and 
Smith (1978) recommend multiplying by a sub-factor of 0.7 to account for the 
high organic matter content of permanent forest soils. However, forests on 
recently abandoned farms have not had time for high organic matter contents Lo 
accumulate in the topsoil; thus, no adjustment is made. This latter situation 
is common in Piedmont and Coastal Plain regions in the South. 


FINE ROOT SUB-FACTOR 

A dense mat of fine roots Is usually present in the top 50 millimeters of 
forest soils. Even after the trees are removed, the residual root mat will 
partially protect soil from the erosive forces of rainfall and runoff by hold- 
ing the soil in place. Few data are available on this effect. Thus, we used 
Wischmeler's (1975) curve for the effect of a grass root network to describe 
it. His curve was used after the reconsolidation effect was removed by divi- 
ding by 0.45, since he had combined the effects of both reconsolidaUlon and 
grass root network. The fine root mat effect of trees is described by the 
curve for lateral rooted vegetation in Figure 5. 

Sometimes, the site is exposed by removal of the surface organic material 
while the topsoil, with its fine root mat, is left In place. Where equipment 
has removed the topsoil, the fine root mat is usually eliminated. The observer 
estimates the percentage of the bare soil that has this effective root mat in 
place. Use the percent of total area rather than percent of bare soil, If the 
total area is contributing runoff, as in agricultural situations. 

The second application of this sub-factor is to credit invading vegetation 
for its new fine root mat on sites where the original fine root mat has been 


173 



Fine root subfactor value 


removed or has been mutilated by tillage. The expanding root systems of Inva- 
ding weeds, grasses, brush, and trees on these disturbed soils reduce erosion 
within the area containing these roots. The area influenced by these roots Is 
assumed to be the area under the canopy of the plant (Fig. 6). If the plant is 
grazed and the canopy partially consumed, the observer may estimate the area of 
roots by visualizing the normal crown area for the plant. 



% of bare soil with fine roots 


Figure 5# — The sub^factor for fine roots in the top 30 to 50 mm of soil# 


TAP ROOT 



Grasses, Brush, Trees Weeds 


Figure 6. — Area Influenced by fine roots of invading vegetation. 
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Grasses and other lateral-rooted plants are more effective than tap-rooted 
plants such as broadleaf weeds. Therefore, the observer, when evaluating this 
sub-factor, must estimate the percentage of the disturbed bare soil that is now 
occupied by invading vegetation and what proportion of this vegetation is lat- 
eral-rooted. If only a portion of the vegetation is lateral-rooted, the obser- 
ver must interpolate between the curves in Figure 5. 


RESIDUAL BINDING EFFECT SUB-FACTOR 

The erosion response of a soil depends on the soil's recent history. That 
is, there is a residual or carryover effect when land use or condition changes. 
When a soil that has not been tilled for some time is cultivated, erosion imme- 
diately after it is first tilled may be much less than it will be in 2 to 3 
years later (Wischmeier and Smith 1978). The soil, at first, has fairly good 
structure. Fine roots and organic matter bind the soil into more stable aggre- 
gates. With time, this effect disappears, and the soil becomes more erodible. 

The curves in Figure 7 describe this effect. They were adapted from USLE 
data for the residual effect of turned sod (Wischmeier and Smith 1978). The 
magnitude of the effect and its duration is a function of the amount of roots 
and organic matter in the soil at the time of tillage and the rate of decay of 
the roots and organic matter plus structure and permeability of the subsoil. 

Curve _a in Figure 7 is similar to Wischmeier and Smith's (1978) relation- 
ship for the residual effect of turned sod for a hay yield of 7-11 t/ha, except 
that the duration of the effect is doubled because the woody roots and forest 
debris are assumed to decay more slowly than roots from sod. Burroughs and 
Thomas (1977) reported that Douglas-fir roots less than one centimeter in dia- 
meter lost 82 percent of their tensils strength 30 months after the tree was 
cut. Ziemer and Swanston (1977) noted a similar pattern for very small (2-5 
mm) hemlock and Sitka spruce roots in southeast Alaska. Longer roots (10-25 
mm) experience a less dramatic reduction in strength, apparently because of 
resin content. These roots retain 60 percent of their strength after 10 years. 
Furthermore, Pritchett (1977) reports that the weight of organic material on 
the forest floor ranges from approximately 30 t/ha to over 100 t/ha depending 
upon forest type. The other curves in Figure 7 are similar in concept to 
Wischmeier and Smith's for reduced hay yield with duration of effect doubled. 

ON-SITE DEPRESSION STORAGE SUB-FACTOR 

Not all detached soil may be delivered to the toe of the slope; a portion 
may be stored locally in depressions. On-site storage opportunites include 
depressions such as stump holes, berms turned up by tractor treads, dips crea- 
ted by bulldozers, slits cut by choppers, rolled up debris, and voids between 
clods, as illustrated in Figure 8, Coefficients for on-site depression storage 
(roughness) were developed from USLE soil loss ratios (Wischmeier and Smith 
1978), Wischmeier's (1973) analysis of conservation tillage systems, and Wisch- 
meier's notes (1979). The ratio of soil loss for the fallow period to that for 
the seed bed period for agricultural situations is primarily a measure of the 
effect of depression storage. Wischmeier and Smith (1978) suggest a value of 
0.5 to 0.8 for freshly plowed land. Values in Figure 8 were developed by com- 
paring forestry conditions with agricultural conditions having similar rough- 
ness characteristics. 
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Figure 7. --Residual binding sub-factor. 

Legend: 

a, - Topsoil has good initial fine root mat, and 

subsoil has good structure and permeability. 

b. - Topsoil has poor initial fine root mat, and 

subsoil has good structure and permeability. 


c. 


Topsoil absent with poor initial fine root mat. 
Subsoil has good structure and permeability. 


d. 


Topsoil absent with poor initial fine root mat. 
Subsoil has poor structure and permeability. 


Values ranqe from 0 to 1 for forest conditions. A zero means that all 
detached soil is stored on-site, and a one means no storage. In evaluating on- 
site depression storage, the observer estimates the proportion of existing on- 
site erosion that will be trapped in these depressions. To get a depression 
storage value close to 0.0, the site, usually, must have a small amount of 
exposed soil and erosion adjacent to depressions that can trap and hold most, 
if not all, eroded soil. 


The observer must be careful not to count depression storage in disked 
areas. Depression storage in disked areas is accounted for in the contouring 
ub-f actor . 
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STEP SUB-FACTOR 

Surface runoff often washes litter and debris downs lope until it lodges. 
This debris forms dams which pond water and collect sediment. When these ponds 
are full oF sediment, they form steps, as illustrated in Figure 9. Steps also 
form behind roots, clumps of vegetation, and other obstacles and when depres- 
sions fill with sediment. Machinery can form steps. For example, the track 
marks of a tree crusher traveling up a steep slope have the configuration of 
steps. 

Steps reduce slope steepness on areas occupied by steps. Approximately 
100 steps were measured throughout the Southeast, and their average slope is 3 
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percent. The step sub-factor was developed by assuming that the portion of the 
slope covered by steps acted as short slope segments of 3 percent steepness. 
Further, runoff was assumed to flow uninterrupted across the steps. Figure 10 
was developed by assuming that the steps are small and randomly distributed and 
by applying Foster and Wischmeier's (1974) irregular slope procedure. 


CONTOUR TILLARE SUB-FACTOR 

Disking on the contour generally reduces sheet and rill erosion by redu- 
cing runoff amount and velocity in comparison with tillage up and down slope, 
which is the standard, or base, condition which is assigned 1.0 in the P factor 
of the USLE (Wischmeier and Smith 1978). Site preparation by disking is simi- 
lar to agricultural tillage. However, we judged that disking on the contour in 
forests is usually less effective than contouring from row ridges in farm 
fields. Ridges from disking do not appear to collect and direct runoff as 
effectively as crop row ridges. Furthermore, tillage is not repeated on forest 
land to reform ridges which may have been reduced by erosive rains. Modified 
USLE P factor values which are increased from standard values (Wischmeier and 
Smith 1978) for disking are shown in Table 1. 



Table 1. — Contour tillage 

sub-factors. 


Percent 

slope 

On 

contour 


Degrees of contour 


15 

30 

45 

60 

90 

0-2 

0.80 

.88 

.91 

.94 

.96 

1.00 

3-7 

0.70 

.82 

.87 

.91 

.94 

1.00 

8-12 

0.80 

.88 

.91 

.94 

.96 

1.00 

13-18 

0.90 

.94 

.96 

.97 

.98 

1.00 

19+ 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 



Figure 9.— Step formation. 
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% of slope in steps 


Figure 10- — Sub-factor for steps. 


Disking equipment should be operated on the contour, but this is not 
alv/ays practical* This results in ridges and furrows being oriented at an 
angle to the contour. As the furrows and ridges increasingly deviate from the 
contour, their effectiveness decreases* As the grade along the furrow Increa- 
ses, transport capacity of runoff in the furrows increases, and the amount of 
material deposited in the furrow quickly decreases (Foster and Ferreira 1980), 
which Is the basis for the nonlinear Increase in P shown in Table 1. 


C FACTOR EVALUATION 

Values for C are obtained by multiplying the values of the appropriate 
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sub-factors for a given condition. Sites fall into two disturbance categories 
(untilled or tilled), and the sub-factors to consider are grouped by category 
in Table 2. The observer must inspect each site to determine which sub-factors 
are operating. 


Table 2. — Potential sub-factors by disturbance category. 


Sub-factor 

Disturbance 

category 

Tilled 

Untilled 

Bare soil 

X 

X 

Canopy 

X 

X 

Soil reconsolidation 

X 

X 

High organic content 


X 

Fine roots 

X 

X 

Residual binding 

X 


Depression storage 

X 

X 

Steps 

X 

X 

Contour tillage 

X 



The following examples illustrate the use of the sub-factors. The first 
situation is a disked site that is 6 months old on a 10 parent slope. The site 
has 70 percent bare soil with canopies over 20 percentof the bare soil. The 
canopy height is 0.5 meters. The soil has topsoil which contains a good fine 
root mat, and the subsoil has good permeability and stucture. Vegetation has 
invaded, and new fine roots occupy 25 percent of the bae soil. Half the new 
roots are lateral. The disk furrows are 20 degrees off the contour. 


The sub-factor values are; 


Sub-factor 

Sub-factor 

value 

Source of 
value 

Bare soil 

0.46 

Figure 1 

Soil reconsolidation 

0.93 

Figure 4 

Canopy 

0.83 

Figure 2 

Fine roots 

0.83 

Figure 5 

Residual binding 

0.44 

Figure 7 

Contour tillage 

0.89 

Table 1 


The cover-management factor (C) for this disked site becomes; 

C = (.46)(.93)(.83)(,83)(.44)(.89) 

C = 0.115 

The second example is an untilled situation - logging on a 10-percent 
slope. Logging exposed 15 percent bare soil, 30 percent of which has a 1,0 
meter high canopy over it. All bare soil has a fine root mat. The topsoil has 
high organic content and Is 75 tnlllimeters thick. Steps occupy 10 percent of 
the slope. Depression storage was evaluated at 0.9. 
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The sub-factor values are: 


Sub-factor 

Sub-factor 

value 

Source of 
value 

Bare soil 

0.08 

Figure 1 

Canopy 

0.79 

Figure 2 

Soil reconsolidation 

0.45 

Figure 4 

High organic content 

0.70 

Text 

Fine roots 

0.22 

Figure 5 

Depression storage 

0.90 

Figure 8 

Steps 

0.93 

Figure 10 


Logging with these sub-factors would produce the following value for C; 

C = (.08)(.79)(*45)(.7)C,22)(,9)(.93) 

C - (0.004) 

The C values Just determined are for one point in time for a fixed condi- 
tion. But conditions often change as a disturbance heals and by seasons of the 
year. If a C factor value is being developed to represent a recovery period or 
a year, a weighted C factor value must be approximated that reflects changes in 
sub-factors with time and the variation in rainfall erosivity (R) over the 
year. Changes in sub-factors can be documented by field observations through- 
out either the year or the various stages of recovery. 

Rainfall erosivity (R) distribution throughout the year are given by 
Wlschmeier and Smith (1978). For a year, a weighted C factor can be approxima- 
ted by multiplying the seasonal C values times the seasonal R values, summing 
the products (CR), and dividing by the annual R. This procedure is the same as 
computing a C factor value for a crop rotation on agricultural land described 
in Agriculture Handbook 537 (Wlschmeier and Smith 1978). 


VALIDATION 

This procedure was tested using data from forest research watersheds in 
northern Mississippi, western Tennessee and North Carolina, and research plots 
in South Carolina. The four plots and 35 watersheds were located in the South- 
ern Coastal Plain, Mississippi Valley Silty Uplands, and Southern Piedmont. 
The plots were approximately 0.09 to 0.13 ha, and the watersheds ranged between 
0.2 and 1.0 ha, averaging 0.5 ha. The forest management conditions, which cov- 
ered a wide range, included undisturbed, clear-cut, strip cut forests and a 
variety of site preparation treatments Including bedding, chopping, disking, 
shearing and windrowing, and shearing, windrowing, and seeding with grass. 

Observed data included sediment yield, recording ralngage charts, soils 
maps of the watersheds, periodic ground cover surveys, and descriptions of con- 
ditions from on-site inspections. A' Sediment yield at the plot or watershed 

_ 

— The watershed data was provided by Stan Ursic and Jim Douglas, USDA - 
Forest Service researchers at the Southern and Southeastern Forest Experiment 
Stations, respectively. The plot data were supplied by forest industry in 
South Carolina. 
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outlet Is given by: 

SY = RKLSCP + Channel Erosion - Deposition (1) 

The variables K, L, S, C, and P are the standard LISLE factors. Their 
product gives the LISLE estimate of soil loss to the end of the slope as defined 
for the LISLE. The USLE does not estimate deposition by overland flow or chan- 
nel flow, nor gully or stream channel erosion. Gully and stream channel ero- 
sion and deposition were estimated from field observations. 

Gully and channel erosion were approximated by measuring the length of 
degradation, by averaging several cross-sectional areas of channels eroded, and 
estimating the period of erosion. The volume of erosion for a period of time 
was converted to metric tons per hectare per the study period. 

Soil movement was traced to the mouth of the watershed, and where sediment 
deposits were found, their length, width, and depth were measured. The volume 
of deposits was converted to tons per hectare per the study period. 

Standard procedures (Wischmeler and Smith 1978) were used to estimate R 
from El (storm energy times maximum 30-minute intensity) computed from ralngage 
charts for each storm that occurred over a 9- to 12-month period. The value 
used for R was the sum of the El's for the study period rather than the average 
annual R value normally used in the USLE when the equation is used in planning. 

The LS factor was estimated using the Foster and Wischmeler (1974) proce- 
dure for estimating soil loss from irregular slopes. Soil erodibility factor 
values for K were obtained from the USDA-Soil Conservation Service, and were 
assigned to the site based upon soils maps and field inspection. Values for 
factors C and P were estimated by the procedures already described in this 
paper. 


We estimated sediment yield for each treatment using equation (1) before 
the measured sediment yield data were supplied to us to avoid biasing the com- 
putations. A representative cross-section of the validation data Is presented 
in Table 3 to show the contribution of sheet and rill (USLE), gully and channel 
erosion, plus what portion was deposited before reaching the mouth of the 
watersheds. 

The measured values are plotted against the estimated values in Figure 11. 
The points are approximately equally distributed around the line of perfect 
fit. The regression line for the validation data is close to the line of per- 
fect fit and has of 0.90. The standard error of the estimate is 1.43, which 
is 71 percent of the mean measured sediment yield. The validation data were 
not used to determine or adjust parameter values used to calculate the estima- 
ted values. The estimated values are not the result of a fitting of the pro- 
cedures to the validation data. 

Estimates of soil loss were most accurate for high erosion rates, 1.0 met- 
ric ton per hectare and greater. The percent error in soil loss estimates with 
the USLE seems to increase as the estimate decreased. As bare soil decreases 
to less than 10 percent in forests, its nonuniform dlstrubltlon is such that 
the probability of eroded soil reaching the toe of the slope is highly vari- 
able. Intervening litter, storage opportunities, presence or absence of runoff 
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paths, and continuity of bare soil are variable factors contributing to the 
error of estimates at low values# 

Table 3. — Estimated versus observed sediment yield for selected watersheds# 


Validation data 



USLE 

Channel or 



Estimated 

Observed 

Condition 

sheet and 

gulley 


Deposition 

sediment 

sediment 


rill 

erosion 





yield 

yield 


— ^Metric ton/hectare 

/ s tudy 

period — 




Disked 

15.9 

+ 2. 

2 

- 

14. 1 

= 

4.0 

2.0 

Disked 

8.5 

+ 4. 

0 

- 

2.0 

= 

10.5 

6.7 

Sheared 

4.7 

+ 

0 


.9 


3.8 

.7 

Sheared 

12.8 

+ I • 

6 

- 

7.2 

- 

7.2 

12. 1 

Disked — 

22.2 


0 

- 

0 


22.2 

22.2 

Disked^' 

11.4 


0 

- 

0 


11.4 

10. 1 

Disk and.y 

11.6 

•f 

0 


0 

=: 

11.6 

8.5 

grass — 









Ciiop — ^ 

1.3 


0 

- 

0 


1.3 

1.6 

Chop 

.7 


0 

- 

0 


.7 

2.2 

Shear 

1.1 

“b 

0 

- 

0 


1.1 

2.2 

Clear cut 

.7 

-b 

0 

- 

0 

= 

.7 

.9 

Clear cut 

. 13 

4- 

0 

- 

0 


.13 

,013 

Strip cut 

.2 

+ 

0 


0 

£3 

.2 

.04 

Strip cut 

.3 


0 


0 

ES 

.3 

,1 

Disk and 

1.8 

“b 

0 


0 

-3 

1.8 

.33 

grass 









Disk and 

2.5 

4* 

0 

_ 

2.3 

SS 

.2 

.1 

grass 









“^PlotS 

where eroded 

soil was trapped 

at toe 

of slope* 




The field data for this validation were subject to error# Errors could be 
large in the estimates of deposition and channel erosion from field observa- 
tions# Also, the time period only included 9 to 12 months of precipitation. 
At least 10 years of data were preferred to obtain good average annual soil 
loss estimates. However, forest disturbances in the Southeast heal rapidly, 
which prevents easily studying the same condition year after year on the same 
plot* Also, there could have been error in the estimates of the soil erodibil- 
ity factor K, which were estimated from soil surveys of the watersheds. Al- 
though better data would have been desirable, as far as we know, none exist# 
Good quality data to develop and validate the USLE for forestry conditions 
remains an important need. 

A new procedure for estimating the values for the USLE cover-management 
factor C was developed by modifying and extending Wischmeier's sub-factor 
approach (1973, 1975, 1979) which he developed for undisturbed areas and crop- 
land# The basic concepts of the new procedure are general and should apply to 
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many areas of the United States as Wischmeier’s (1975) sub'-factor appro^^ 
undisturbed area is applied nationally. 



Predicted Sediment Yield -Metric Tons Per Hectare 


Figure 11. — Validation data for forest conditions. 


CONCLUSIONS 

Results of the validation, using data from 39 research watersheds 
Southeast, suggested that the procedure gives reasonable values for the 
cover-management factor C for forest conditions. This procedure incorp< 
many of the factors that affect sheet and rill erosion on forest land anii 
vides a means for evaluating C for a broad range of conditions that cou; 
be accomplished with a classification system. Furthermore, the results i 
validation suggest that the USLE can be used to estimate sheet and rill e 
for forest conditions where the equation appropriately applies. The pro< 
for estimating C is recommended as the basis for a replacement for TabJ 
and 12 in Agricultural Handbook 537 (Wischmeier and Smith 1978). 
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SURFACE EROSION FROM FOREST ROADS-- 
A PROPOSED RESEARCH PROGRAM USING SIMULATED RAINFALL 

1 / 

Edward R. Burroughs, Jr., and Eric S, Sundberg— 


INTRODUCTION 

Forest road construction for timber harvest and forest access is a 
continuing activity throughout the United States. Tlie Forest Service 
alone constructs over 10,000 miles of forest roads each year, with a 
high percentage surfaced with native soil or crushed rock. Road and 
trail construction for the Forest Service in fiscal year 1981 will cost 
over $500 million. 

These forest roads can contribute large volumes of sediment to 
streams during and immediately after road construction. The surface 
erosion rate from roaded watersheds can be 220 times (Megahan and Kidd 
1972) to 250 times (Fredricksen lOYO) the erosion rate from adjacent and 
undisturbed watersheds. This erosion rate typically declines sharply 
with time after construction (Megahan 1974). 

Forest roads are often adjacent to streams whose water quality is 
high and must remain so to protect municipal water supplies, recreation 
values, or important fish habitat. Many times the choice between alter- 
native routes for forest roads or the choice between surfacing treatments 
depends upon estimates of the amount of sediment that a planned forest 
road will produce. Intelligent planning of forest resource management 
with minimal environmental impact requires a method to estimate surface 
erosion from forest roads for given topographic, geologic, and climatic 
conditions. 

Tests of a predictive model for runoff and sediment yield from 
surface mine roads have been completed satisfactorily. In our opinion, 
the ROad SEDiment (ROSED) model developed by Simons et al. (1977) provides 
a basic model for use on forest roads. 


JL^Intermountain Forest and Range Experiment Station, U.S. Dept, of 
Agriculture, Forest Service, Forestry Sciences Laboratory, P.O. Box 1376, 
Bozeman, Mont. 59715; and Forestry Sciences Laboratory, 1221 So. Main St., 
Moscow, Idaho 83843, respectively. 
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PROPOSED RESEARCH APPROACH 


Our general research approach will use a 0,1 acre (0.04 ha] rainfall 
simulator to apply a measured amount of rainfall to selected sections of 
forest roads to isolate the effect of road and materials characteristics 
on runoff and erosion. Instrumented road sections in two experimental 
Aijatersheds in northern and central Idaho (Horse Creek and Silver Creek) 
are dedicated to measurement of runoff and sediment yield from snowmelt 
and natural rainstorms. Data from rainfall simulator tests will allow 
us to bridge the gap from these instrumented road sections in the Idaho 
Batholith to forest roads with similar site characteristics. 

Earlier work with simulated rainfall on surface mine roads indicated 
that intensive study is needed to make the ROSED model into an operational 
planning tool for forest land managers (Johnston et al . 1980; Sundberg 
et al. 1981). The version of ROSED currently available cannot be used 
for planning purposes because it is too complex and its model parameters 
are not well enough defined. 

One of the most important planned studies will be developing algorithms 
to estimate the infiltration and saturated hydraulic conductivity of the 
road surface and ditch using such characteristics as density, particle 
size gradation, and type and amount of clay. A small overhead sprinkler 
type of infiltrometer, as designed by Meeuwig (1971) and modified by 
Malekuti and Gifford (1978) , may be used in the field to develop first 
approximations for those algorithms prior to large scale rainfall simulator 
tests . 

A second area of research will be concerned with overland flow 
resistance, a parameter that is not well defined in ROSED where a value 
for resistance must be selected from a range of tabular values. Prelimi- 
nary tosts using dye to measure overland flow velocity on surface mine 
roads show that the overland flow resistance parameter may vary from -20 
to +25 percent away from a selected constant value. Detailed studies are 
needed to relate overland flow velocity to measurable site characteristics 
such as particle size distribution of surface materials, slope gradient, 
and rainfall intensity. 

Soil detachment by simulated rainfall was assumed to be negligible 
in our analysis of field data from surface mine roads, and the model 
parameter was set at a low value. More work needs to be done on measure- 
ments of soil detachment to accurately represent its effect on sediment 
yield for both simulated rainfall and natural rainstorms. 

The ROSED model requires a separate runoff detachment coefficient, 

D^, to be determined for each overland flow unit and ditch segment. An 
empirical procedure to calculate this parameter was suggested by Simons 
et al. (1979): 

D^ = 

0.63 
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where: - soil cletacliment coefficient for runoff 

K = soil erodibility index from the Universal Soil 

Loss Equation (Wischmeier et al, 1971) 

D^O ~ median soil particle size in millimeters. 

More data are needed to validate this approach. 

Procedures to estimate model parameters need to be tested over a 
wide range of soils and road- surfacing materials. Work is planned to 
relate site factors such as loose surface soils, percent of the soil in 
certain critical particle sizes, and other site characteristics to model 
parameters. Studies also will be designed to monitor how road surface 
and ditch characteristics are changed by heavy truck traffic and normal 
road maintenance. Measurements of runoff and sediment yield with various 

road characteristics will be used to test the abilaty of the ROSED model 

to represent the changing performance of forest roads with time and 
use. 


Two needed modifications of the ROSED model are already identified: 
the addition of a snowmelt subroutine, and the use of ditch cross- 
sections other than the triangular shape used in ROSED. Several snowmelt 
models already exist that could be attached to ROSED. The obvious 
approach would be to use the sno\\anelt model to provide input to ROSED, 
suppress the rainfall detachment process, and rely on soil detachment by 
runoff to produce sediment. Comparisons between sediment yield from 
instrumented road sections during sno\^mlelt and predicted sedimentgraphs 
can be used to test this modification to ROSED. We hope to use portions 
of the CREAMS channel erosion and sedimentation programs to improve the 
functioning of ROSED for road ditches with flat-bottomed cross-sections. 

We will also evaluate the CREAMS model for use on overland flow sections 
of roads built with cohesive natural soil surfaces. 

Another major area of concern is the standardization of field data 
collection techniques and laboratory analysis methods. We want to 
coordinate our sampling methods with input needed by model developers so 
that the data can have maximum utility for model development and testing. 
Our particular emphasis is on soil gradation analysis techniques, sediment 
sampling and analysis, soil water content and soil density measurements, 
and watershed survey techniques to determine surface runoff flow patterns. 


SUMMARY 

We feel that it is beyond our resources to become involved in 
extensive model development or modification. Our objectives are to test 
existing model parameters with easily measured site characteristics. We 
would like to maintain close contact with other agencies or projects 
with similar objectives to test the latest advances in the state-of-the- 
art of surface erosion modeling. 
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SOIL EROSION TOLERANCE VALUES 


W.C. Moldenhauer, 


SEA-AR soil scientist 


1 / 


INTRODUCTION 

The term "soil loss tolerance" denotes the maximum amount of soil erosion 
that will permit a high level of crop productivity to be sustained economically 
and indefinitely, according to Wischmeier and Smith (1978). They note that 
soil loss tolerances ranging from 2 to 5 t/a/yr for soils of the U,S. were de- 
rived by soil scientists, agronomists, geologists, soil conservationists and 
Federal and State research leaders at six regional workshops in 1961 and 1962. 
Factors used in determining these tolerance values were undoubtedly those de- 
veloped at a USDA Joint Conference on Slope Practice held in 1956 at Purdue 
University, Lafayette, Indiana (USDA-ARS and SCS, 1956). These factors are: 

a. Maintenance of an adequate soil depth for crop production 

b. Value of nutrients lost 

c. Maintenance of water control structures (e.g. open ditches, ponds, 
reservoirs, terrace channels), and the control of flood plain sedimen- 
tation 

d. Prevention of gullies 

e. Crop yield reduction (per inch of topsoil lost) 

f. Water losses 

g. Seeding losses 

Although soil loss tolerance could be lower, 5 tons per acre per year was 
chosen as an upper limit. Although the use of soil tolerance (T factor) with 
the Universal Soil Loss Equation began in the early 60 's, the concept of soil 
loss tolerance was considered much earlier. These early attempts are discussed 
by McCormack et al. (1979). 


1 / Contribution of USDA-Science and Education Administration-Agricultural 
Research, Lafayette, Indiana in cooperation with the Purdue University Agricul- 
tural Experiment Station, West Lafayette, Indiana. Purdue Journal No. 8530. 
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CURRENT CRITERIA 


Current criteria cited by McCormack and Young (1980) for assigning T 
values are: 

a. An adequate rooting depth must be maintained for plant growth. Soils 
impervious B horizons are given lower T values than those with deep 
permeable subsoils. 

b. Soils that have significant yield reductions, if the surface layer is 
removed by erosion, are given lower T values than soils that have only 
minor yield reductions if the surface is removed. 

According to McCormack and Young (1980) a maximum T value of 5 tons per 
acre has been selected for the following reasons: 

1. Soil losses in excess of 5 t/a/yr affect the maintenance, cost and 
effectiveness of water control structures that can be damaged by 
sediment , 

2. Excessive sheet erosion is accompanied by gully formation in many 
places . 

3. Loss of plant nutrients Is considered excessive. 

4. On most soils, conservation practices can keep soil losses below 
5 t/a/yr. 

They also point out that, in evaluating the long-term impact of soil erosion, 
it is necessary to make assumptions about rates of soil formation, most of 
which have not been proven by research. 


LOSS OF SOIL NUTRIENTS AND ROOT ZONE DEPTH 

69 /in USDA-ARS and SCS conference (1956) soil nutrients were valued at 

?^.00 per ton of soil loss and it was assumed that plant nutrient losses of 
more than $10.00 per acre per year might be excessive for any farmer. An up- 
date of these figures by McCormack and Young (1980) set the average value of 
, P, and K lost in one ton of soil at $ 6 . 00 . Loss at the 5 ton per acre limit 
would then be $30.00. They also cite as the most important reason for the 5 
ton per acre limit the assumption that soil A horizon can form at the rate of 
1 inch in 30 years. This is equivalent to a rate of 5 tons per acre per year 
of soil formation. They point out that formation cates of the A horizon of 
medium to course textured soils may be more rapid than this, and on finer tex- 
Lured soils may be much slower. 

Knowing the rate of root-zone formation is vital to predicting the long- 
term effects of ersoion. Limiting the annual soil loss to 5 tons per acre 
might maintain an A horizon thickness for many centuries, but the total root 
zone would become thinner according to McCormack and Young (1980). 

McCormack et al. (1979) point out that we have not adequately justified a 
maximum of 5 t/a/yr for soil loss tolerance on our thickest, most productive 
soils or the eventual destruction, in 2 or 3 thousand years, of their 
productivity. Whereas early work focused on the impacts of the loss of the A 
horizon, future work must concentrate on the effect of loss of the whole soil. 
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REDUCTION IN TRODUCTIVITY 


According to McCormack et al, (1979) , soil scientists must learn more a- 
about the irreversibility of the impacts of soil erosion (as discussed by 
Ciriacy-Wantrup (1952) • In particular, they must determine the rate at which 
the productivity of eroded soils can be restored and the kind of management 
required to restore it. 

McCormack et al. (19 79) point out that if average corn yields are reduced 
by 3 bu/a/yr for each inch of soil loss, over a period of 100 years a produc- 
tivlty loss of 300 bu/a would be sustained for each inch of topsoil lost. 

Viewed from the perspective of 100 years from now with erosion at the 
present rate, annual net erosion loss (counterbalanced against soil formation) 
would have a value of $7 billion (McCormack and Larson, 1980). Annual loss of 
nutrients currently ($6.80 per metric ton) is worth $13 billion not counting 
the contribution to water pollution. Dredging harbors is costing $120 million 
annually as a result of cropland erosion. Annual loss of reservoir capacity is 
valued at $2.14 billion. 

From McCormack et al. (1979) conservation objectives could be based on the 
need for production from land susceptible to erosion as determined by political 
and social leaders. Where the objectives would result in erosion at rates 
greater than the soil loss tolerance, the scientist must explain the long--term 
impacts on productivity. 

Future generations will benefit from erosion control but are not here now 
to pay for this benefit (Selt?i and Hewitt, 1979). On the other hand, if we fail 
to control erosion in our time, future generations will be unable to avoid pay- 
ing for that failure. The farmer may, at little or no economic risk, subject 
his soil to erosion levels that are excessive even during his own generation 
(Hardin, 1968) . 


DISCUSSION 

Even though some suppositions used to set soil loss tolerance values are 
not scientifically well supported (e.g. rate of soil formation and damage to 
deep fertile soils as the rooting depth is reduced) , the framework is useful 
for decision making on tolerance limits and the ramifications of setting those 
limits. Soil loss tolerance decisions might be made differently if scientists 
and technical people turn this decision making over to farmers, society lead- 
ers and public policy makers who would probably use different sets of criteria 
than have been employed by scientists and conservation technologists. 

An ethic of stewardship might be adopted as suggested by McCormack and co- 
workers. While this Is noble and desirable, it probably won't happen. The 
real world is too pragmatic, and success or failure of his enterprise may hinge 
on what an individual farmer does about conservation. Conservation is not high 
on the list of a farmer's priorities when he is on the verge of bankruptcy. On 
the other hand, if society insists that farmers practice conservation, society 
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could be expected to share in the social and financial costs of getting it 
done. 





i 

i ) 


There are valid reasons to control soil erosion at a certain level. The 
level may, however, be quite different depending on the criteria used to set 
the limit and the special interests of the individuals concerned with erosion 
or paying for its control. 


The following are some criteria for tolerance limits and the level of in- 
terest that might be found in the various involved groups. We must realize 
that many farmers and scientists are part of concerned society. These spec- 
ulations consider the farmer in the narrow sense of making a living in the 
short terra against near overwhelming odds. 


CRITERIA 

Affect on maintenance, cost and 
effectiveness of water control 
structures that can be damaged 
by sediment 

Affect on gully formation 
Loss of plant nutrients 
Possibility of achieving 
Balance against soil formation 
Water polution 

Long term crop yield reduction 
Short term crop yield reduction 


SCIENTIST 

INTEREST OF 
FARMER 

CONCERNED 

SOCIETY 

high 

high 

high 

high 

high 

high 

high 

moderate 

high 

moderate 

slight 

moderate 

high 

slight 

high 

high 

moderate 

high 

high 

low 

high 

high 

high 

high 


Scientists and concerned society are most interested in preventing gradual 
damages as well as sudden catastrophic damages. The faimier may be more inter- 
ested in damages that Interfere with his farming operations or that cost him 
extra money to produce crops. He is less interested in balancing erosion 
against soil formation, but as far as conservation is concerned is very much 
interested in whether he can achieve tolerable limits without going bankrupt. 

If we insist on tolerance limits without compromise, we must set these 
limits at the lowest level needed to achieve the goals scientists, farmers and 
society agree to. The difficult part is deciding, in most cases, what these 
levels should be. Larson ( 1981 ) suggests a value based on maintenance of 
long term productivity as determined by scientists. A second value — — 

would reflect broader social goals including nonpoint water pollution control. 
Criteria for these two values would be much different, since one would be det- 
ermined by long-term damage to the soil and the other by off-site damage from 
^oil erosion. From the standpoint of the long-term interest of society 
society protecting itself) the smaller of the two T values should always be 
sed. This may not, however, be the choice of societal decision makers. 
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SUMMARY AMD CONCLUSIONS 


The concept of soil loss tolerance limits is well justified, both from the 
standpoint of protecting our soil resource and of protecting water quality and 
the capacity of our reservoirs, rivers and harbors. To date, tolerance limits 
have been set only to protect the productivity of the soil resource. While 
the quantitative basis for the presently used limits has been questioned, 
there are certainly logical bases for them. In most cases, they have worked 
well in farm planning and in protecting the soil from irreparable damage. 

Before more effort is expended in quantifying (Larson, 1981), the 

limits (Larson, 1981) should be set. Unfortunately, this task is much more 
complex than setting the limits because of the nature of the data required 
and the complexity of the model required to analyze the impact of erosion from 
these data. Also, the required input of nonscientists is diffucult to obtain 
because of the background of knowledge and understanding required to make these 
decisions. Thus, setting the T^ limits will require a major effort which 
should be begun immediately. 
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"T” Factors on Rangelands 
Rangeland Soil Erosion Workshop 
Tucson, Arizona 

Panel Discussion - M.B. Rollins 
March 5, 1981 


It is common for cropland soils to tolerate erosion of up to five tons 
per acre per year. But cropland soils are usually deep soils in higher 
rainfall areas or are irrigated and therefore grow large amounts of 
vegetation. Such soils form topsoil rapidly, especially since plant 
material is plowed back into the soil. For these reasons, cropland 
soils may tolerate up to five tons of soil erosion per year and maintain 
productivity. 

But rangeland soils are different. Rangeland soils are usually thinner 
than cultivated cropland, found in a drier climate, and plant material 
is not plowed back into the soil. Therefore, rangeland soils cannot 
tolerate the seemingly high erosion of cultivated soils and still 
maintain productivity. 

This low tolerance becomes more apparent when soil erosion is examined 
by depth and time. For example, an acre inch of topsoil weighs about 
166 tons. 

If a soil were to lose five tons per year from erosion, it would take 

only 33 years to lose an inch of topsoil. This is far too short a time 

for rangeland soils to regenerate an inch of topsoil and maintain productivity. 

Even at three tons of loss per year, an inch of soil would be lost in 
about 50 years. This is still too short a time for most range soils to 
regenerate. 

At two tons of loss per year, an inch of loss time is extended to 83 
years . 

And at one ton of loss per year, It would take 166 years to lose an inch 
of topsoil. This rate might be a little closer to reality for rangeland 
soils if conditions are favorable for soil regeneration. 

For example, let^s examine the rate of soil development for some Montana 
rangeland soils, which are some of the best soils found on public lands 
managed by BLM. A Phillips loam (a Borollic paleargtd) is a native 
grassland soil found on the glaciated plains of eastern Montana, in the 
10-14 inch rainfall zone. A typical Phillips has developed seven inches 
of A horizon In about 12,000 years (since the last glacial period), 

This amounts to about 0.6 of an inch of A horizon developed every 1,000 
years . 
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The Phillips soil has one of the thickest A horizons of Montana rangeland 
soils • Most Montana rangeland soils have about four Inches of A horizon. 
This be about .33 of an inch developed every 1,000 years, if we 

assume the A horizons were developed during the last 12,000 years (for 
the glacial soils). 

Therefore, considering rate of soil development (even on the best of our 
rangeland soils), it is obvious that soil-loss tolerances associated 
with cropland soils are far too high for native rangeland soils. Perhaps 
we need to think in terms of less than one ton of soil erosion a year to 
maintain soil productivity on native rangeland soils. 
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APPLICATION OF THE SOIL LOSS TOLERANCE CONCEPT TO RANGELANDS 


J* Ross Wight, USDA-SEA-AR range scientist 

1 / 

and Collis J. Lovely, BLM hydrologist— 


Soil loss tolerance (T-’Value) is defined as the amount of annual soil 
loss that can be sustained without reducing crop production. It is usually 
determined on the basis of soil depth, root zone thickness, and some knowledge 
of soil formation rates. In addition, the T-'value concept assumes that: 

1) soil depths exceed rooting depths; 2) soil loss can occur without signif- 
icantly reducing productivity, as long as remaining soil depth is equal to or 
greater than the original rooting depth; and 3) maintained site production 
values are high enough to permit periodic mechanical restoration. For crop- 
lands, these assumptions can usually be satisfied, and the T-value concept 
provides a useful management guide. For rangelands, however, these criteria 
and assumptions are rarely satisfied, and the T-value concept, as defined 
above, is of questionable value and applicability. 

Rangelands, which are often characterized by steep slopes, shallow soil 
mantles, and/or sparse cover are inherently more fragile than croplands. In 
the arid and semiarid rangeland climates, soils form slowly. Even small 
increases in soil losses can initiate accelerated soil erosion trends, as soil 
losses are accompanied by reduced production of protective vegetation. This is 
especially true on sites where shallow soil depth is already a major plant 
growth limiting factor. In such cases, any net soil loss reduces productivity, 
Because of low per unit area values, intensive mechanical restoration of deteri- 
orated rangelands is generally not feasible. 

For T-values to have management application, at least three criteria 
should be satisfied: 1) valid T-values can be determined for the soils or 
sites in question; 2) soil loss can be determined with reasonable accuracy; 
and 3) relationships between soil loss and management can be quantified. 
Recognizing a properly managed range site in good-to-excellent range condition 
class as being in equilibrium with its environment and at or near a maximum 
level of sustained productivity, the T-value for such a site would logically 
be equal to the ongoing annual soil loss. On sites in deteriorated conditions, 


1 / 
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T-values, somewhat less than the ongoing annual soil loss, could be established 
as a means of restoring the sites to a production level consistent with their 
environment. However, until actual soil loss from rangelands can be determinedj 
such statements regarding T-values for rangelands are somewhat philosophical 
and have little or no management application. 

The use of predictive equations, such as the Universal Soil Loss Equation 
(USLE) , has not been effective for determining soil loss from rangelands, 
Blackburn (1980); Renard (1980); and Trieste and Gifford (1980)* The large 
errors associated with predictive equations can be hazardous when applied to 
the management of fragile rangelands. In the application of the USLE to 
rangelands, the cover factor is about the only management sensitive factor, 
Johnson et al. (1980), and changes in calculated soil loss simply reflect 
changes in plant cover. If the changes in soil loss for specific range sites 
are almost totally dependent upon changes in cover, it seems more practical to 
determine cover for the range sites in good-to-excellent condition, and manage 
for that level of cover, rather than running the cover factor through a 
predictive equation, and managing on the basis of predicted soil loss. 

In regards to rangelands, we are currently unable to determine ongoing 
soil losses or establish soil loss tolerances with reasonable accuracy. The 
relationships between soil loss and rangeland management are not well defined. 
Under these conditions, T-values appear to have little management Implication, 

As stated by Wight and Siddoway (1981), ^'T-values for rangelands may be a 
concept with only an idealistic application/' However, as methods are 
developed for determining soil loss, soil loss-management relationships, and 
T-values that incorporate the unique features of rangelands, the T-value 
concept will find useful application in rangeland management. 
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PLANNING RESEARCH TO EVALUATE THE EFFECT OF 
SOIL EROSION ON SOIL PRODUCTIVITY 


J. R. Williams, SEA hydraulic engineer 


INTRODUCTION 

Accurate estimates of future soil productivity are essential in agricultural 
decision making and planning from the field scale to the national level. Soil 
productivity is defined as the capacity of a soil in its normal environment for 
producing a specified plant or sequence of plants under a specified management 
system. Productivity emphasizes the capacity of soil to produce crops and 
should be expressed in terms of yields. Soil erosion depletes soil productivity, 
but the relationship between erosion and productivity is not well defined. 

Until the relationship is adequately developed, selecting management strategies 
to maximize long-term crop production will be impossible. Poor decisions can 
easily result in serious damage to soil resources--productivity may approach 
zero in many severely eroded areas of the U.S. Conversely, poor decisions can 
result in under utilization of soil resources and loss of income to the producer 
ind food and fiber supply to the consumer. 


CHARACTERISTICS OF THE PROBLEM 

One of the most dangerous characteristics of the soil erosion-productivity 
problem is difficulty of detection. Erosion reduces productivity so slowly 
that the reduction may not be recognized until land is no longer economically 
suitable for growing crops. Futhermore, improved technology often masks the 
lowering of soil productivity. For example, some eroded soils respond well to 
heavy fertilizer applications. 

The difficulty of detecting productivity losses is compounded by the 
nonlinear nature of the erosion processes. Erosion generally increases future 
runoff because of reduced infiltration rates. Increased runoff reduces available 
soil water and thus plant growth. Of course less plant growth means less 
residue. Reduced vegetation and residue provide less cover and thus increase 
erosion. Because water erosion is strongly related to runoff, the increased 
runoff also leads to an increase in erosion. Thus the process advances 
exponential ly--reversal may quickly become economically infeasible if the 
process is not detected and controlled properly. 

Another characteristic of the erosion-productivity problem is the difficulty 
)f restoring the productivity of severely eroded soils. Restoration is generally 
iifficult and costly because subsoil conditions often inhibit crop growth. 

These conditions include poor aeration; low organic matter, exchangeable or 
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soluble nutrients, and calcium carbonate; and high soluble aluminum, gravel, 
and density (strength). Although productivity can be partly restored by adding 
organic material and fertilizer, such additions may not be economically feasible. 
For example, eroded rangeland is particularly difficult to restore because 
fertilization is usually not economically feasible in low rainfall areas (See 
Figure 1 ) . 


WAYS EROSION REDUCES PRODUCTIVITY 

Probably the most important way that erosion reduces productivity is 
through loss of plant-available soil water capacity. Lower soil water capacity 
subjects crops to more frequent and severe water stress. Plant-available soil 
water may be decreased by reducing the root zone depth or by changing the water 
holding characteristics of the root zone. Erosion reduces the root zone depth 
if subsoils are toxic to roots or have high strength or poor aeration that 
retards root growth. The water-holding characteristics of the root zone are 
almost always changed when topsoil is removed (usually topsoil has higher 
plant-available water capacity than subsoil). 

A second way that erosion reduces productivity is by contributing to 
plant-nutrient losses. Eroded soil particles transport adsorbed nutrients from 
fields into streams and lakes. Since subsoils generally contain less plant 
nutrients than topsoils, additional fertilizer is required to maintain crop 
production. Although fertilizer can partially compensate for low crop yields 
from subsoils, production cost is increased. The problem is further compounded 
if the subsoil contains more clay than the topsoil (a common occurrence), 
because clay tends to quickly transform applied phosphorus into forms not 
readily available to plants. 

A third way that erosion reduces productivity is by degrading soil struc- 
ture. Degradation of soil structure increases soil erodibility, surface sealing, 
and crusting, and leads to poorer seedbeds. Surface sealing and crusting 
decreases seedling emergence and infiltration rates. Reduced infiltration 
rates provide less opportunity for soil water storage. 

A fourth way that erosion reduces productivity is through nonuniform 
removal of soil within a field. Erosion does not occur uniformly across a 
field mainly because of the runoff flow network and nonuniforni topography. 
Selecting a management strategy to maximize production is nearly impossible in 
fields with various degrees of erosion because fields are usually farmed as 
units. When fields are farmed as units, fertilizer is normally applied uniform! 
over the field. If erosion is nonuniforni, the application rate is more appro- 
priate for some areas than others (optimal production is impossible for all 
areas). The effect on herbicide use is similar. Because herbicides interact 
with soils, their performance varies with soil organic matter content, pll, and 
cation exchange capacity. In a nonuniformly eroded field one rate of herbicide 
application may kill weeds and damage the crop in one part of the field but may 
not effectively control the weeds in another part of the field. 

Nonuniform erosion also affects timing of farming operations. Proper 
timing, especially of planting, has an important impact on productivity. 
Frequently erosion-exposed clay subsoils are too wet when the rest of the field 


203 



is suitable for farming operations. The farmer must either avoid these clay 
areas or wait until they are dry enough to permit tillage. Nonuniform erosion 
also causes variable tillage effectiveness and inconsistent seedbeds that 
produce poor stands and deviations in emergence dates. 

Energy requirements are also greater for nonuniformly eroded fields. 
Tilling a subsoil usually requires more power than tilling a topsoil and 
additional energy is needed for filling and smoothing gullies. If gullies are 
neglected, row lengths are shortened, which reduces farming efficiency. 


CURRENT RESEARCH 

Although a limited amount of research has been devoted to the soil erosion- 
soil productivity problem specifically, considerable effort has been concentrated 
on most of the important processes involved. Current research that is most 
closely related to the problem includes tillage, crop growth, nutrient cycling, 
nonpoint source pollution, water erosion-sedimentation, wind erosion, and 
hydrology. Besides this research on various processes, there are two Science 
and Education Administration-Agricultural Research (SEA-AR) national teams 
developing mathematical models for application to two closely related problems 
(crop growth and nonpoint source pollution). However, the necessary components 
(hydrology, water erosion-sedimentation, wind erosion, nutrient cycling, crop 
growth, tillage, animal uptake, etc.) have not been linked to form a model 
structure appropriate for studying the erosion-productivity problem. 


RCA NEEDS 

In response to PL 95-192, the Soil and Water Resources Conservation Act 
of 1 977 (RCA), the Secretary of Agriculture was requested to make an appraisal 
■)f soil, water, and related resources and their conservation, and to make 
nformed long-range policy decisions regarding the use and protection of these 
esources. With the development of plans to implement the RCA, it became 
ibvious that there was no reliable method for estimating the cost of erosion or 
che benefits from erosion research and control. In an effort to overcome this 
deficiency, Hagen and Dyke (1980) developed an empirical crop yield-soil loss 
relationship for use in the RCA appraisal process. The yield-soil loss regres- 
sion equations provided information to a linear programming model used for 
determining optimal national management policies. Hagen and Dyke's effort was 
particularly significant because it was the first attempt at developing a 
nationally applicable yield-soil loss relationship. In many areas of the 
country, however, the results differed widely from independent experimental 
ibservations not used in developing the equations. Thus, a workshop was held 
n February 26-28, 1980, at Washington, D.C., to discuss ways of improving the 
'ield-soil loss relationship. Representatives from the Economics and Statistics 
ervice (ESS) (developers of the empirical relationship) described their 
pproach to representatives from the Soil Conservation Service (SCS) and SEA. 
he workshop provided an excellent audience to critique the ESS yield-soil loss 
irediction methodology. Also, research results, current research on the problem, 
nd future approaches were discussed. 
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RESEARCH PLANNING COMMITTEE 


From these discussions it was apparent that the erosion-productivity 
problem deserves special research attention. .. -Thus, the National Soil Erosion- 
Soil Productivity Research Planning Committee- was appointed to develop a 
suitable soil erosion-productivity relationship. The objectives of the 
committee's work were to: 

A. Determine what is known about the problem. 

1 . Define the problem. 

2. Identify research accomplishments. 

3. Identify current research efforts. 

B. Determine what additional knowledge is needed. 

C. Develop a research approach for solving the problem. 

In response to the assignment, the committee developed a comprehensive 
state-of-the-art paper "The Influence of Soil Erosion on Soil Productivity." 

The report requested by the Administrator of SEA-AR and the Director of SEA 
provides guidelines for future research. It assessed the present knowledge of 
the effect of erosion on productivity, the research currently underway, research 
needed to fill the gaps, and a FY-82 budget item for continued effort in this 
area. As a resultp/Of the report, the Administrator of SEA-AR appointed a 
Steering Committee-' to develop plans for expanding work on erosion-productivity 
relationships. The report was modified and published (National Soil Erosion- 
Soil Productivity Research Planning Committee, 1981). In addition to the major 
topics, it includes an extensive list of references to related publications. 

The Steering Committee met at Beltsville, MD, in December, 1980, to 
develop plans for a major effort in erosion-productivity research. The committee 
decided that the research could be accomplished most effectively through a 
national team effort concentrating on four specific topics: (1) Mathematical 
modeling; (2) Field experiments; (3) Erosion prediction; and (4) Conservation 
tillage. The Steering Committee also discussed the selection of a coordinator 
for the research and made recommendations to the National Program Staff. 

SEA-AR's National Program Staff, acting on the Steering Committee's advice, 
selected K. G. Renard as Coordinator. 
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FUTURE RESEARCH 


Mathematical modeling and field experiments to support the models must be 
initiated to study the soil erosion-soil productivity relationship. Objectives 
of the research include: (a) Developing a physically based model capable of 
realistically simulating the processes that affect soil erosion and soil produc- 
tivity; (b) applying the model to many areas throughout the U.S. to adequately 
define the erosion-productivity relationship; and (c) providing model outputs 
necessary for economic analyses concerning the cost of soil loss. Figure 2 is^ 
a diagram of some of the important elements to be considered in model Formulation. 

Components of the model should include hydrology, v/ater erosion-sedimentatior 
wind erosion, nutrient cycling, crop growth, tillage, and animal uptake for 
range and pasture. 

When validated, the model should be useful in determining the soil loss- 
productivity relationship. Simulations will be necessary for many locations in 
the U.S., to adequately represent varying climatic conditions and soil charac- 
teristics. Also, simulations will have to be repeated for various management 
strategies at each location. These simulations must be long-term (100-500+ 
years) to show the effect of poor management decisions on productivity. 

Model output will include accumulated erosion, annual crop yields, nutrient 
losses, annual fertilizer application rates, off-site sediment deposition, 
downstream nutrient yields to streams and reservoirs, and energy requirements 
for tillage and maintenance. From this output, accumulated erosion can be 
related to crop yield mathematically. Beside providing vitally needed informa- 
tion for national policy planning (1985 RCA Report), the erosion-productivity 
relationship will enable soil loss tolerance limits to be set in an objective 
manner. Also, the monetary value of soil loss can be determined through reduced 
yields, increased fertilizer and energy requirements, and downstream damages. 
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Fig. 1. Severely eroded rangelands such as is shown for this site in the Santa 
Rita Experifnental Range near Tucson, AZ are difficult to restore 
economical ly. 
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Fig. 2. Items to be considered in model formulation for quantifying the 
role of soil erosion and soil productivity. 
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RESOLUTIONS AND RECOMMENDATIONS 


D. A. Farrell and E. L. Neffl^ 


The following resolutions and recommendations were developed from the 
responses received from the Workshop participants. Emphasis has been given 
to those issues which appeared to be of broad interest or concern. 

1. The Workshop participants fomally recommend the establishment of an 
interagency work group to adapt the Universal Soil Loss Equation (USLE) for 
use on rangelands. Action agency representatives at the workshop consider 
this developmental project their highest priority need, one that should be 
implemented as soon as practicable. They stressed their concerns that far 
reaching land management decisions are being made now and that action 
agencies cannot wait until all the research data needed for general valida- 
tion of rangeland erosion prediction procedures has been acquired, 

2. The participants recommend that research to adapt the CREAMS model 
for use on rangelands be accelerated. The capacity of the CREAMS model to 
predict soil erosion and soil deposition on landscapes with complex slopes 
and to compute soil loss on a storm event basis was viewed by scientists as 
a major advantage. Bureau of Land Management (BLM) and Soil Conservation 
Service (SCS) representatives stressed the importance of sediment yield pre- 
diction in their Agency's watershed development and management programs. 
Because the CREAMS model is better suited to sediment yield prediction than 
prediction procedures based on adjusting USLE erosion estimates with experi- 
mentally determined sediment delivery ratios, this critical BLM and SCS need 
can be most effectively met through adaptation of the CREAMS model to range- 
land watersheds. 

3. There was general agreement that improved estimates of soil erosion 
from rangelands would require a major research effort directed toward deter- 
mining realistic values of soil erodibility. There was considerable uncer- 
tainty about the reliability of procedures now in use and much discussion 
and speculation on the appropriate experimental procedures to be used for 
determining erodibility. There was broad concensus that the following issues 
must be considered: 

a. For simulated rainfall plot studies, a standard series of 
storms should be developed for estimating erodibility. The 
procedures used by Wischmeier and Mannering in developing 
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the erodibHity nomograph widely used to estimate K for 
cropped soils may not be appropriate for arid and semi -arid 
rangelands. 

b. The standard fallow plot used for cropland soils is inappro- 
priate for rangelands. A bare plot developed and maintained 
through chemical control of rangeland vegetation should be 
used as the standard for rangeland erosion. 

c. The minimum length of experimental plots should be 20 feet. 
Plot width and length should be selected to ensure that the 
overland flow patterns are not severely distorted or con- 
strained by the plot dimensions. 

d. Where substantial disturbance to the soil surface results 
from vegetation removal, a restoration period of from one 

to 2 years, depending on climate, may be needed to stabilize 
plot response. Experimental studies are needed to determine 
the effects of degree of disturbance and time since dis- 
turbance on soil erodibility. 

e. limited experimental studies have shown that soil loss may 
be substantially reduced by the erosion pavement (stone 
cover) found in many rangeland areas. Currently, the 
erosion pavement is treated as a factor modifying soil 
erodibility. Whether the erosion pavement is ultimately 
considered a modifying erodibility or cover factor its 
effect on soil loss is substantial and must be evaluated. 

4. The experimental data used in the development of the Universal 
Soil Loss Equation (USLE) was obtained for landscapes 
characteristic of croplands. Slopes of 30 percent and above 
are common in a rangeland environment as are slope lengths of 
500 feet and longer. Guidelines currently in use by some 
agencies arbitrarily limit slope length to a maximum of 500 
feet. Research is needed to validate the length-slope factor 
of the USLE for the steep terrain and long slopes commonly 
found on rangelands and to provide scientific guidelines for 
determining effective slope length. 

5. Few participants expressed major concern or interest in 
further studies of the rainfall factor. The primary research 
issue appears to be related to soil loss from rangelands 
accompanying snowmelt or rainfall when the surface soil is 
frozen. Under these conditions there is some evidence, albeit 
inconsistent, that rainfalls of low to moderate intensity can 
produce substantial erosion. Observed inconsistencies in 
rangeland responses appear to be related to the hardness of 
the "frozen condition." Additional research is needed to 
improve our understanding of the freeze and snowmelt processes 
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and to delineate the physiographic areas where snowmelt and 
rainfall on frozen ground can produce substantial erosion. 


6. There was much skepticism about the validity of the pro- 
cedures currently used to compute the cover and management 
factor for rangelands. The lack of an adequate data base is 
acknowledged by research scientists and technical specialists 
in the action agencies. There is virtually no field data for 
determining the effects of management practices such as seed- 
ing and grazing, pitting, contour furrowing, brush control, 
and controlled burning. Information is urgently needed on 
how to measure and specify vegetation characteristics. The 
effects of litter, rock- vegetation mixtures, and erosion_ 
pavements need to be determined for a wide range of condi- 
tions. Questions that need answers include: What are the 
effects of seasonal changes in vegetative cover on the 
C-factor? What is the magnitude of the change in the 
C-f actor? Can we devise a standard procedure for obtain- 

ing the field data needed to determine the C-factor? 

Success of the planned rangeland research aimed at develop- 
ing comprehensive rangeland management systems may well 
hinge on objective answers to these and related questions. 


7. As with most of the factors in the Universal Soil Loss 
Equation, there is little field data to establish quanti- 
tatively the influence of conservation practices on erosion, 
thereby providing a basis for estimating associated P-factors. 
Limited experimentation has indicated that the effectiveness 
of many conservation practices decreases with time. Sub- 
stantially more research at plot and watershed scales is 
needed to quantify the transient nature of the P-factor and 
relate the effectiveness of conservation practices to cli- 
matic, grazing intensity, topographic and soil descriptors. 

A difficulty, unique to the application of the USLE to 
rangelands, is the uncertainty regarding the appropriate 
value of the P-factor for the "natural landscape.^ Several 
of the workshop participants questioned the validity of 
assigning a value of unity to the P-factor for these undis- 
turbed" areas. Of concern was the effect of microtopography, 
brush, debris, tracks, and other irregularities on the depo- 
sition of sediment and on landscape modification at the 
microscale level. 


8 There was general agreement that more attention must be 
given to establishing soil loss tolerances for ranp ands. 
Several erosion specialists questioned whether soil loss 
can be viewed in a meaningful way unless related to site 
specific tolerances. In essence, they would like to express 
erosion rates in terms of changes in potential productivity 
and long-term site stability. Action agency representatives 
seemed convinced that soil loss tolerances for rangelands 
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cannot be established using criteria appropriate to crop- 
lands. Faced with making major land management decisions 
with no well-defined guidelines, they would prefer to set 
soil loss tolerances at levels close to the natural erosion 
rates. Without definitive field studies to establish the 
relationship between cumulative erosion and rangeland 
productivity it will be difficult, and possibly unwise, to 
moderate the present conservative philosophy on rangeland 
erosion. 

9. Experience with "natural" erosion plots has shown that 
acceptable estimates of average annual soil loss cannot be 
obtained with less than 15 or more years of data. For the 
large temporal and spatial variabilities associated with 
rainfalls in arid and semi -arid environments the long moni- 
toring period that is needed and the large associated experi- 
mental costs make the approach unattractive and possibly 
impractical for many scientists. Soil loss data obtained 
from plots subjected to simulated rainfalls of varying in- 
tensity and duration have been widely accepted as a viable 
alternative source of information. While the optimum and 
desirable characteristics of simulated rainfalls have been 
debated for some time, research is needed to establish the 
errors associated with differences between the character- 
istics of naturally occurring and simulated rainfalls. Key 
characteristics requiring urgent research attention are 
kinetic energy and drop size distribution. 

10. Notwithstanding the considerable literature that exists and 
the many workshops that have been held on rainfall simulators 
and small plot studies, the controversy that has surrounded 
these issues for several decades remains. Questions which 
surfaced at this workshop and which need to be urgently 
resolved include: Do small plot simulators have a role in 
erosion research on rangelands? Can this role be defined? 
Will small plot studies provide meaningful estimates of sheet 
erosion rates? Would small and large plot studies provide 
the same ranking of range sites in a regional or national 
survey of rangeland erosion? Are comparisons of sheet 
erosion losses for different soils and vegetative covers of 
value in management decisions? While most of the workshop 
participants conceded that erosion studies at both plot and 
watershed scales contribute to the body of scientific knowl- 
edge on erosion and that they can assist in the development 
of prediction procedures, the roles of the various approaches 
remain uncertain and poorly defined. Consequently, unless a 
substantially greater effort is made to establish firm guide- 
lines for future experimental studies, there is an unaccept- 
ably high probability that a considerable time and effort will 
be expended on research of marginal value. 
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The issues and recommendations discussed above were surfaced by the 
workshop participants during the workshop and provided to us in the form of 
written statements. Every effort has been made to address the major issues 
and consolidate those recommendations that were submitted by two or more 
participants. We trust that there are no serious omissions and ask all 
research scientists and technical specialists concerned with soil erosion 
from rangelands to provide strong support for these resolutions and 
recommendations through their personal efforts to draw the attention of 
State and Federal organizations, agencies, and institutions to the need 
for increased financial support and higher regional and national priorities. 


APPENDIX A 


The following material was developed by George E. Dissmeyer following the 
March, 1981 Erosion Workshop. The material represents an example of an 
approach for estimating USLE parameter values for desert brush and grassland 
conditions such as those frequently encountered in the Southwest. 
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REPORT ON APPLICATION OF THE USLE TO DESERT BRUSH AND RANGELAND CONDITIONS 


George E. Dissmeyer^ 


On May 11, 1981 I went to Albuquerque, New Mexico to assist the U.S. For- 
est Service, Southwestern Regional Office, in applying the Universal Soil Loss 
Equation (USLE) to desert brush, pinyon-juniper, and grass rangeland. This 
report summarizes the observations made, recommended modifications in the com- 
ponent subfactor approach for those conditions, and other recommendations. 

The Southwestern Region had been using Table 10 in Agricultural Handbook 
537 (£) and asked for assistance in building steps, contour tillage, and 
depression storage (1.,^) into their procedures. Table 10 includes the effects 
of ground cover (conversely, of bare soil), canopy, fine roots, and soil recon- 
solidation (held constant at 0.45). The table assumes, although not stated in 
Agricultural Handbook 537, that the area under the plant canopy would have fine 
roots in the surface inch of topsoil. However, several desert brush and range- 
land conditions were found that do not fit the conditions assumed in construc- 
ting Table 10. Deviations from Table 10 assumptions are discussed in appropri- 
ate sections of this appendix. 

Observers in the Southwestern Region included surface rock fragments mea- 
suring 3/4 inch and larger in ground cover. Smaller stones and fragments were 
omitted. This criteria is an outgrowth of range survey techniques. However, 
for the USLE, a rigid size standard cannot be applied. For more reliable 
results, inspect the surface rock and judge which stones and pebbles will 
remain in place under a heavy rain. (Figure 1.) All stones and rock fragments 



Figure 1. Effective rock ground cover 


^Staff Hydrologist, USDA Forest Service, Southeastern Area, Atlanta, Georgia. 
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in Figure 1 are judged to offer effective protection of the soil surface. 
Small pebbles in this picture will remain in place because they are lodged 
against each other, larger stones, and clumps of grass. However, if small peb- 
bles were widely-spaced on a soil surface, they would be free to be moved by 
surface runoff and should not be counted as ground cover. 

Rocks are part of the ground cover in many desert rangeland conditions. 
Grass and other herbaceous vegetation less than 6 inches tall are considered as 
part of the ground cover in Table 10. Table 10 was prepared with the assump- 
tion that fine roots occur under the vegetation's canopy (4). By including 
stones or rock fragments as ground cover, users of Table 10 would be forced to 
assume that there are fine roots under the rocks. However, fine roots are 
frequently absent in the top inch of soil under and between rock fragments - a 
condition which can cause significant errors in predicted erosion. 

Steps (1, 2) were found in several situations (Figure 2). In one situa- 
tion, the step was completely covered by stones and rock fragments and formed 
behind a clump of grass. It appears that the rock creeps downhill by gravita- 
tion and accumulates behind clumps of grass and other obstacles. The surface 
of the rock forming on steps has a grade of 7 to 10 percent, depending upon the 
size of the rock (Figure 3). Rock cover was removed on a couple of steps to 
see if soil had formed a step below. It had, and its grade was approximately 3 
percent, as found in the East (Figure 3). 



Figure 2. Typical step found in desert grassland 


The observer cannot judge the rooting characteristics of plants by broad 
vegetation types - grass vs. weeds in Table 10. In a desert grassland, I 
inspected the rooting characteristics of several plants. Generally, a few 
coarse roots extended straight down into the soil with no surface lateral roots 
(Figure 4). Table 10 was prepared on the assumption that the area of fine 
lateral roots corresponds to the area of canopy. In this situation, no fine 
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roots were found in the top soil under the canopy except for the area of the 
root collar. The application of Table 10 to this situation will cause errors 
in predicted erosion rates. 



In another grassland area, the plants had extremely fine lateral roots in 
the top inch of soil. The roots resembled a very fine spider web and were very 
hard to see. They had very little tensile strength and offered no deductible 
resistance when I broke the soil aggregates apart. Thus, these roots cannot be 
considered as an effective fine root mat. These extremely fine roots are prob- 
ably killed and oxidized when the soil becomes extremely hot during the summer. 

Thus, it became apparent that the fine lateral-rooting characteristic of 
plant species is highly variable and cannot be judged by broad groupings of 
plants (weeds vs. grass, as in the East) (1, 2, 3). The observer must inspect 
the topsoil for the presence of fine roots under canopies and between canopies. 
This advice, and the findings mentioned earlier, were reconfirmed in all subse- 
quent stops, which included the careful examination of rooting characteristics 
of plants. 

The next stop was at a dense pinyon-juniper stand. Litter was found under 
the tree canopy near the stem. An inspection of exposed topsoil for fine roots 
revealed another type of rooting pattern (Figure 5). A dense, fine root mat 
was found at each point inspected, bat at a depth of 1 to 1.5 inches. About 1 
to 1.5 inches of loose topsoil covered the mat. This kind of root mat offers 
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Figure 5. Rooting characteristics of pinyon-juniper 
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and wind erosion. Over time, a pedestal forms with grass growing on top. Blue 
grama lives for 7 to 10 years and succeeds itself on the pedestal. Therefore, 
these pedestals may represent several decades of accumulation. 

Two additional observations support this assertion. Figure 7 displays 
blue grama growing on pedestals; two pine cones lie nearby on bare soil. The 
pine cones were we 1 1 -weathered and, because wood takes decades to decompose, 
they probably have been in place for 10 or more years. Mo pedestals occurred 
under the cones. 



Figure 7. Pine cones without pedestals under them 


The predicted erosion rate for this area, using the tJSLE, was 0.03 tons 
per acre per year. Is this a reasonable rate? Evidence suggests this area 
incurs little erosion. The area had been "pitted" to stimulate blue grama 
growth 9 years ago (Figure 8). Shallow pits are created 1.5 to 2.0 inches 
deep. After 9 years, no significant sediment had accumulated in these pits. 

On-site depression storage was significant, including the pits, Also, 
micro-ridges were formed by pedestaled blue grama which created "walled" catch- 
ments for sediment (Figure 8). On-site depression storage was estimated at 0.3 
for this site. 

The final observation made at the blue grama site was the apparent slow 
decomposition rate of fine roots (Figure 9). An inspection of the small piles 
of soil, thrown up by the pitting operation, revealed fine roots still intact 
and protruding out of the soil 0.25 to 0.5 inches. These mounds were created 9 
years ago, and these roots were still offerring a substantial binding effect. 
The resiudal binding effect curve used for forest conditions in the East assu- 
med a 4-year decay period for this effect (Figure 10) (1). It appears that for 
blue grama, the residual binding effect will persist for 10 or more years. 
Substituting a 10-year decay period in the residual binding effect figure may 
be warranted (Figure 11). 


7.10 






Figure 8. Pitted blue grama 



Figure 9. Nine-year-old roots of blue grama decomposed slowly 


Residual binding warrants further study, and if significant differences in 
ratings are found, a revised Figure 10 could be constructed. Possibly, an 
interim figure can be constructed reflecting the findings of the study and 
local experience, or Figure 11 could be used as a stopgap revision until some- 
thing better can be developed, learning : Other situations may be found where 
fine roots decay in 2 to 4 years, or some other period of time, thus requiring 
more than one set of curves. 


220 




Figure 10. Residual binding subfactor (East) 


Legend: a. Topsoil has good initial fine root mat; subsoil 
has good structure and permeability 

b. Topsoil has poor initial fine root mat; subsoil 
has good structure and permeability 

c. Topsoil absent with poor initial fine root mat; 
subsoil has good structure and permeability 

d. Topsoil absent with poor initial fine root mat; 
subsoil has poor structure and permeability 


Sagebrush has a fine root mat in topsoil that extends 8 to 10 inches 
beyond the crown (Figure 12). The center of the space between bushes can be 
void of fine roots if the plants are far enough apart. Table 10, if applied to 
this sagebrush, would cause errors in the predicted erosion. 


The soil occupying a grassland experiences substantial snrinking and swel- 
ling in response to soil moisture changes (Figure 13). These ci acks offer 
depression storage opportunity and should be considered in erosion predictions. 
However, the size and distribution of these cracks vary greatly throughout the 
year and from storm to storm. This variability must be considered in eve o- 
ping long-term average erosion rates. 


A logged area was visited that had the same fine rooting characteristics 
as eastern forests (Figure 14). Here, fine roots occupied the total area. 
Applying Table 10 in Handbook 537 considerably increased the predicted erosion 
rate. Again, Table 10 was designed on the assumption that fine roots are found 

only under the crown. 
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Figure 11. A possible adjustment in the residual binding 
subfactor for blue grama 





Figure 13. Soil cracks 



Figure 14. Logged forest 


In general, slope lengths were being properly interpreted in the field. 
One variation on slope length interpretation was observed (Figure 15). Bedded 
rock outcrops can define the top and bottom of the slope. Surface runoff will 
be funneled through niches in the outcrop. 

Finally, the USLE is being misapplied to badlands (Figure 16). The ero- 
sion process operating here is more like gully erosion than sheet and rill 
erosion. 
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Figure 15. Slope length between rock outcrop 



Figure 16. Badlands where LISLE is being misapplied 


In general, the component-subfactor approach for developing the cover-man- 
agement factor (C) can be adapted, with some modification and validation, to 
northern New Mexico conditions. The participants in this project felt comfort- 
able with the procedure. 


There are obvious problems in applying Table 10 to this area, as described 
earlier. The Southwestern Region should move away from Table 10 as soon as 
possible (realizing it takes time to change procedures and train people). The 
decay rate of tilled fine roots needs additional study and, probably, a revised 
residual binding relationship should be developed. 

Predicted erosion rates of less than 0.5 tons per acre per year probably 
ave more validity in New Mexico than in the East (1, 2). The reason for low 
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rates is low R values, not bare soil, as in the East. Substantial bare soil 
exists and is^ interconnected in the desert. Thus, when surface runoff occurs, 
paths are available to transmit runoff and soil to the toe of the slope. 

Probably, the biggest source of variation is in “R". The limited number 
of storms, widely scattered in space and time, makes "R" highly variable from 
year to year and, perhaps between decades. Thus, very long-term precipitation 
records may be needed to develop a meaningful average annual "R". A 22-year 
record, as used in the East, probably will not contain enough data. 
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